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— — £7"  This  report  presents  an  initial  acoustic  assessment  of  Exercise  CAPER,  which  was  conducted  during 
August  1974  in  an  area  about  830  km  west  of  San  Diego,  California.  Tire  principal  objective  of  this  exercise 
was  to  measure  experimentally  the  interference  of  CW  signals  caused  by  a well-surveyed  isolated  seamount,  in 
this  case  Stoddard  Seamount.  The  report  discussesihe  planning  phase  ■ r die  exercise  3S  well  af^iuce  major 
areas  of  analysis.  The  first  area  is  the  convolution  of  ray  diagrams  will)  the  bathymetry  of  the  seamount  in 
order  to  delineate  the  shadow  zones  formed  behind  the  seamount.  Die  second  area  is  the  detailed  comparison 
of  acoustic  ranges  and  satellite  navigation  ranges.  The  third  area  is  to  assess  the  effect  of  range-dependent 
profiles  as  measured  on  CAPER.  — ^ 

DO  , jSJJn  U73  /Stedition  of  t nov  *•  is  obsolete  assihfd  V / 

S/N  0102-014-  640 1 | ■ ■■■ LI|NtLft»&U  tLU  J/ 


UNCLASSIFIED 


fit  *,**h*p>-*'  - - - — 


UNCLASSIFIED 


abcugiry  CLAHinc*TioN  or  this  pa otmn  dm*  m kwmq 


20.  (Continued) 

' The  design  and  execution  of  the  various  seamount  shadowing  runs  well  satisfy  the  goals  of  the  exercise. 

The  major  effect  of  the  seamount  is  to  intercept  the  leading  portion  of  the  convergence  zones. 

Comparison  of  the  differences  between  52  acoustic  and  satellite  ranges  showed  a mean  difference  of  1 17  m 
with  a standard  deviation  of  272  m.  The  maximum  difference  wash-726  m,  while  88  percent  of  the  differences 
fell  within  (7^?  ^ % * 

There  was  propagation  through  four  distinct  near-surfacfryatermsses.  A comparison  of  ray  calculations 
for  a single  profile  appropriate  for  the  receiver  with  calculationsStilizintball  four  profiles  demonstrated  the 
importance  of  horizontal  change.  Range  differences  of  as  much  as  13.2  km  were  calculated  for  the  eighth  con- 
vergence zone.  Sound  speeds  within  18  km  of  the  seamount  peak  were  about  0.22  m/sec  higher  than  in  the 
surrounding  ocean  for  depths  from  1000  to  2500  m.  However  tire  impact  of  this  on  acoustic  propagation  was 
nil,  with  estimated  range  differences  of  less  than  200  m. 


SUMMARY 


PROBLEM 

Make  an  initial  acoustic  assessment  of  exercise  CAPER  utilizing  acoustic  measure- 
ments and  supporting  environmental  data.  There  are  three  major  efforts  in  this  assessment. 
The  first  is  to  convolve  ray  diagrams  with  the  bathymetry  of  the  seamount  in  order  to  delin- 
eate the  shadow  zones  formed  behind  the  seamount.  The  second  is  to  make  a detailed  com- 
parison of  acoustic  ranges  and  satellite  navigation  ranges.  The  third  is  to  assess  the  effect  of 
range-dependent  sound-speed  profiles  (measured  on  CAPER)  by  a comparison  with  results 
of  range-independent  profiles. 


RESULTS 

1 . This  initial  acoustic  assessment  of  CAPER  demonstrates  that  the  exercise  was  well 
conceived,  planned,  and  executed  and  warrants  further  detailed  analysis. 

2.  The  design  and  execution  of  the  various  seamount  shadowing  runs  well  satisfy  the 
goals  of  the  exercise.  The  major  effect  of  the  seamount  is  to  intercept  the  leading  portion  of 
the  convergence  zones. 

3.  Comparison  of  the  differences  between  52  acoustic  and  satellite  ranges  showed  a 
mean  difference  of  1 17  m with  a standard  deviation  of  272  m.  The  maximum  difference  was 
-726  m,  while  88  percent  of  the  difference  fell  within  ±366  m.  Statistical  tests  show  no  sig- 
nificant difference  between  the  accuracy  of  ranges  at  satellite  fixes  and  the  accuracy  of  ranges 
interpolated  between  fixes. 

4.  There  was  propagation  through  four  distinctive  near-surface  water  masses.  Com- 
parison of  ray  calculations  for  a single  profile  appropriate  for  the  receiver  water  mass  were 
made  with  calculations  which  utilized  all  four  profiles.  The  leading  edge  of  the  eighth  con- 
vergence zone  differed  by  13.2  km,  illustrating  the  importance  of  horizontal  change  in  pro- 
file. Sound  speeds  within  18  km  of  the  seamount  peak  were  about  0.22  m/sec  higher  than 
in  the  surrounding  ocean  for  depths  from  1000  to  2500  m.  However  the  impact  of  this  on 
acoustic  propagation  was  nil,  with  estimated  range  differences  of  less  than  200  m. 


RECOMMENDATIONS 

1.  Further  analysis  of  the  CAPER  data  should  be  considered  in  the  areas  of  compari- 
son w’th  sophisticated  propagation  loss  models,  evaluation  of  the  surface  decoupling  effect, 
and  investigation  of  the  mechanisms  of  backscattering  and  reflection  from  a seamount  slope. 

2.  Dispense  with  acoustic  ranging  on  sea  tests  and  rely  upon  careful  satellite  naviga- 
tion unless  range  accuracies  better  than  ±450  m are  required. 

3.  The  composite  method  of  treating  horizontal  change  in  sound-speed  profiles 
should  be  compared  with  more  rigorous  methods. 

4.  In  experiments  where  the  effect  of  seamounts  or  ridges  is  critical,  the  deep  sound- 
speed  profile  should  be  well  sampled  to  determine  modification  due  to  bathymetry. 

5.  Use  a latitude-dependent  geodetic  parameter  rather  than  the  nominal  60  nautical 
miles  per  degree  of  latitude  in  calculating  ranges  based  on  satellite  fixes  since  the  accuracy 
of  these  fixes  warrants  use  of  this  refinement. 
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INTRODUCTION 

During  21-31  August  1974  the  Marine  Physical  Laboratory  (MPL)  of  the  University 
of  California  at  San  Diego,  the  Naval  Undersea  Center  (NUC),  now  Naval  Ocean  Systems 
Center  (NOSC),  and  the  Hawaii  Institute  of  Geophysics  (HIG)  of  the  University  of  Hawaii 
conducted  deepwater  acoustic  experiments  about  830  km  west  of  San  Diego,  California. 

These  experiments  were  conducted  under  the  Long  Range  Acoustic  Propagation  Project 
(LRAPP)  sponsorship  and  were  called  Exercise  CAPER  (Combined  Acoustic  Propagation  in 
EASTPAC  Region). 

The'oSjectives  and  test  plan  are  discussed  in  detail  in  Ref.  1 . The  primary  objective 
of  the  exercise  was  to  measure  experimentally  the  interference  of  CW  signals  caused  by  a 
well-surveyed  seamount.  Other  objectives  were  to  provide  ambient  sea-noise  data,  to  investi- 
gate surface  decoupling  effects,  and  to  obtain  data  in  surface  duct  transmission  characteristics. 

This  report  is  concerned  oniy  with  the  seamount-shadowing  phase  of  the  exercise, 
which  is  illustrated  schematically  in  Fig.  1 . Figure  1 is  taken  from  Ref.  1 and  presents  the 
planned  CW  source  tracks  as  they  relate  to  the  general  bathymetry  of  the  exercise.  The 
receiving  vessel,  R/V  FLIP  (MPL),  was  to  be  emplaced  with  a three-point  moor  at  33°4l'N, 
125°28'W.  The  acoustic  signals  were  projected  from  the  source  ship,  the  USNS  DE  STEIGUER, 
which  proceeded  along  tire  tracks  of  Fig.  1.  Run  A was  designed  to  open  from  FLIP,  pass 
directly  over  Stoddard  Seamount  (peak  estimated  at  31°47'N,  126°  17'W)  at  a range  of  about 
225  km,  and  to  continue  to  a maximum  range  of  about  440  km.  Run  C was  designed  as  an 
unobstructed  closing  run,  covering  tire  range  interval  from  about  400  to  165  km.  Runs  D,  E 
and  B were  traverses  designed  to  measure  the  shadowing  effect  as  the  line  of  acoustic  propaga- 
tion cut  across  the  deeper  slopes  of  the  seamount  as  well  as  across  the  peak.  The  center  of 
Runs  D,  E,  and  B were  designed  to  be  about  27,  5 1 , and  181  km,  respectively,  behind  the 
peak  of  the  seamount.  Runs  D and  B represent  geometries  of  predicted  maximum  shadowing, 
whereas  Run  E represents  a geometry  of  predicted  minimum  shadowing. 

The  major  objective  of  the  report  is  to  delineate  the  shadow  zones  formed  behind  the 
seamount,  using  ray  theory  together  with  measured  bathymetry  and  sound-speed  profiles  as 
inputs.  A second  objective  is  the  comparison  of  ranges  obtained  from  measurements  of  acous- 
tic travel  time  to  ranges  obtained  from  satellite  navigation.  A third  objective  is  to  assess  the 
effect  of  range-dependent  sound-speed  profiles. 

The  remainder  of  the  introduction  is  divided  into  two  sub-sections.  The  first  section 
treats  the  exercise  planning  phase  while  tire  secor  ) section  discusses  the  execution  phase  and 
the  supporting  environmental  data  which  is  available  in  previous  publications. 


source  tracks  for  the  seamount  shadowing  experiment. 


EXERCISE  PLANNING 

A vital  part  of  any  major  exercise  is  the  planning  phase.  This  phase  is  often  inade- 
quate and,  even  if  adequate,  is  generally  not  presented  in  reports.  We  have  chosen  to  be 
more  explicit  here  because  this  phase  was  particularly  important  and  evolved  over  a period 
of  6 months  with  inputs  from  many  people. 

The  first  task  in  planning  was  to  select  a suitable  seamount.  The  general  area  for  the 
FLIP  moor  was  dictated  by  a requirement  to  provide  ambient  sea-noise  data  to  supplement 
that  taken  during  the  CHURCH  ANCHOR  Exercise.  The  general  area  was  chosen  to  have 
sufficient  depth  excess  and  to  not  lie  directly  on  major  shipping  routes,  where  ships  passing 
nearby  would  contaminate  the  measurements.  Roughly  speaking,  FLIP  was  to  be  moored  in 
an  area  bounded  by  33-34°N  and  125-1 26°W.  On  the  basis  of  Fig.  1 the  authors  and  Dr. 

G.  B.  Morris  of  MPL  (the  Chief  Scientist  of  the  exercise)  examined  the  four  seamounts  lying 
about  220  km  to  the  southwest  of  the  FLIP  mooring  area.  These  all  appeared  as  good 
initial  candidates  since  there  was  little  evidence  of  important  bathymetric  features  between 
them  and  the  FLIP  location. 

The  center  two  seamounts  were  judged  to  be  less  desirable  than  Fieberling  Table- 
mount  or  Stoddard  Seamount.  These  center  seamounts  are  closer  together  and  we  wished  to 
minimize  the  possibility  of  out-of-plane  reflections  off  a second  seamount  when  shadowed 
by  the  seamount  chosen  for  crossing.  Fieberling  Tablemount  then  became  first  choice 
because  it  was  better  surveyed  than  Stoddard. 

The  next  step  was  to  construct  the  ray  diagram  of  Fig.  2 for  the  proposed  source 
depths  of  91  m and  for  a sound-speed  profile  appropriate  for  the  area  and  season.  The  bot- 
tom profile  across  the  peak  of  Stoddard  Seamount  (Fieberling  Tablemount  will  be  addressed 
later)  was  determined  from  the  best  bathymetric  chart  available  and  plotted  on  the  scale  of 
Fig.  2 at  three  locations:  D,  E,  and  B,  with  the  seamount  peak  at  ranges  of  27,  55,  and 
183  km.  These  were  the  prospective  ranges  of  the  centers  of  the  traverse  runs  D,  E,  and  B 
of  Fig.  1.  As  can  be  seen,  all  rays  are  intercepted  by  the  seamount  at  positions  D and  B, 
whereas  all  rays  clear  the  seamount  at  position  E. 

The  next  step  was  to  determine  at  what  range  FLIP  should  be  located  from  the  peak 
of  the  seamount.  This  range  was  selected  to  be  224  km.  The  ranges  of  FLIP  corresponding 
to  the  center  of  Runs  D,  E,  and  B are  shown  in  Fig.  2 by  the  dashed  vertical  lines.  There 
were  to  be  20  hydrophones  on  FLIP  with  the  shallowest  at  a depth  of  98  m anu  the  deepest 
at  a depth  4340  m.  The  224-km  position  of  FLIP  was  chosen  so  that  on  traverse  D the  entire 
set  of  hydrophones  would  be  ensonified,  once  the  traverse  completely  cleared  the  seamount. 
This  would  also  be  true  of  traverse  B except  for  hydrophones  deeper  than  3840  m.  On  tra- 
verse E,  hydrophones  deeper  than  3060  m would  not  be  ensonified.  This  latter  limitation  was 
not  regarded  as  serious  because  there  would  be  enough  hydrophones  to  determine  that  at 
position  E there  was  no  interference  by  the  seamount.  On  the  other  hand  it  was  felt  more 
important  that  on  traverse  D,  all  hydrophones  could  receive  the  source  if  not  blocked  by  the 
seamount. 

We  turn  now  to  the  question  of  Fieberling  Tablemount,  which  was  selected  as  first 
choice  for  the  shadowing  experiment.  Figure  3 shows  Fieberling  centered  at  position  E on 
the  first  position  of  the  ray  diagram  of  Fig.  2.  The  width  at  the  top  is  about  7 km.  There  is 
no  source  range  relative  to  Fieberling  that  would  allow  any  rays  to  pass  over  without  at  least 
one  bottom  reflection.  The  problem  is  that  Fieberling  is  not  an  ordinary  seamount,  but 
rather  a guyot,  i.e.,  a mountain  that  at  some  stage  of  history  was  planed  off  by  wave  action. 
Indeed  if  we  extrapolate  the  side  slopes  of  Fieberling,  they  intersect  about  225  m above  sea 
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level.  Thus  the  effect  on  acoustic  propagation  by  Fieberling  is  more  like  that  of  an  island 
rather  than  a seamount.  For  this  reason  Fieberling  was  rejected  and  Stoddard  was  selected. 

The  discussion  thus  far  represents  the  status  of  planning  at  the  time  of  the  April  1 974 
LRAPP  site  visit.  The  site  visit  team,  particularly  John  Hanna,  then  of  the  Acoustic  Environ- 
mental Support  Detachment  (AESD),  had  a number  of  reservations  and  suggestions  as  to  the 
exercise  plan. 

The  principal  doubt  stemmed  from  the  inability  to  navigate  at  sea  so  as  to  pass 
directly  over  a seamount,  which  at  the  planning  stage  had  not  been  adequately  charted. 

Would  the  goals  of  the  exercise  fail  if  the  source  ship  missed  the  seamount  peak  by  a kilom- 
eter in  Run  A or  if  navigation  on  the  traverse  Runs  D,  E,  and  B were  off  by  several  kilometers 
relative  to  the  seamount  peak? 

In  order  to  answer  these  questions.  Fig.  4 was  prepared  immediately  after  the  site 
visit.  Figure  4 presents  the  predicted  shadow  zone  structure  behind  Stoddard  Seamount. 

The  hatched  areas  represent  regions  from  which  no  rays  from  a 91-m  source  can  propagate 
beyond  the  seamount  without  reflecting  from  the  seamount. 

The  scales  of  Fig.  4 are  made  relative  to  the  peak  of  the  seamount,  which  is  labelled  P. 
The  vertical  scale  represents  the  distance  from  the  peak  along  Track  A.  The  horizontal  scale 
represents  the  normal  distance  to  Track  A.  The  calculations  of  Fig.  4 were  based  on  the  pre- 
dicted sound-speed  profile  and  on  seamount  cross  sections  taken  at  !.8-km  intervals  from  the 
peak  cross  section  of  Fig.  2 as  estimated  from  flic  best  bathymetry  available  at  that  time. 

This  plot  clearly  indicates  that  the  basic  exercise  was  not  hypersensitive  to  imprecise 
navigation.  For  example,  navigation  on  Track  A could  depart  1 .8  km  and  the  width  of  the 
first  shadow  zone  would  be  decreased  by  only  17  percent  of  the  possible  maximum  width 
corresponding  to  crossing  the  exact  peak.  As  another  example,  navigation  in  Track  D could 
depart  4.6  km  and  the  length  of  the  first  shadow  zone  would  be  decreased  by  only  1 3 percent. 

In  addition  to  demonstrating  that  the  experiment  was  feasible  from  the  navigational 
aspect,  Fig.  4 was  used  to  adjust  the  range  location  of  the  traverse  runs  as  initially  laid  out  on 
the  basis  of  Fig.  2,  Track  D was  left  unchanged  at  27  km,  Track  Ii  was  moved  from  55  to 
5 1 km  to  provide  for  a more  even  split  between  the  first  two  shadow  zones,  and  Track  B was 
moved  from  183  to  181  km  for  improved  centering  hi  the  fourth  shadow  zone  behind  the 
seamount. 

The  data  from  the  exercise  were  to  be  provided  to  AESD  for  use  in  the  strengthening 
and  evaluation  of  acoustic  propagation  models.  The  acoustic  data  would  not  serve  this  pur- 
pose without  adequate  environmental  measurements  and  without  accurate  range  information. 
At  the  request  of  the  site  \ >it  team  the  exercise  plan  was  improved  to  meet  these  requirements. 

A complete  suite  of  measurements  was  scheduled  to  define  the  sound-speed  profiles. 
These  included  XBT,  CTD/SV,  hydrocast,  and  surface  temperature  measurements.  Similarly 
DE  STKiGUER  and  MOAN  A WAVE  were  to  maintain  eeho^ounder  logs  during  the  active 
phase  of  the  exercise.  In  addition.  MOAN  A WAVE  was  to  make  a detailed  bathymetric  sur- 
vey of  Stoddard  Seamount  prior  to  the  start  of  Run  A and  was  scheduled  to  be  positioned  al 
the  seamount  peak  so  that  the  DE  S'luIGUKR  could  position  on  MOANA  WAVE  as  DE 
STEIGUER  approached  lire  seamount  on  Track  A. 

During  this  bathymetric  survey,  MOAf'A  WAVE  was  scheduled  to  take  a special  senes 
of  CTD/SV  measurements  which  were  to  be  made  from  the  surface  to  90  percent  of  trie  water 
depth  within  18  km  of  the  seamount  peak.  Previous  measurements  of  seamount  shadowing 
by  Bannister  (Ref.  2)  hinted  that  sound-speed  profiles  may  be  influenced  by  the  presence  of 
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seamounts.  In  this  paper  Bannister  reported  that  propagation  loss  began  to  increase  markedly 
about  i 60  km  before  crossing  the  Louisville  Ridge,  which  lies  east  of  New  Zealand.  Although 
the  Louisville  Ridge  represents  a more  prominent  bathymetric  feature,  Stoddard  Seamount 
could  influence  the  sound-speed  profiles.  Thus  these  special  CTD/SV  measurements  were 
made  to  determine  whether  sound-speed  profiles  in  the  vicinity  of  seamounts  differ  signifi- 
cantly from  those  over  the  nearby  abyssal  hills. 

A point  of  controversy  arose  within  the  site  visit  team  as  to  how  range  should  be 
determined,  i.e.,  were  ranges  determined  by  satellite  fixes  adequate  or  should  ranges  be  deter- 
mined from  acoustic  travel  times.  In  previous  LRAPP  exercises,  ranges  were  often  determined 
solely  from  satellite  fixes,  and  on  some  occasions  this  procedure  had  lead  to  gross  incongrui- 
ties. The  incongruities  were  attributed  by  some  investigators  to  operator  or  analysis  error  and 
by  others  to  basic  defects  in  the  satellite  navigation  system. 

The  exercise  plan  was  modified  to  allow  for  both  types  of  ranging  (satellite  and  acous- 
tic) so  that  the  two  types  could  be  compared  as  well  as  ensuring  that  accurate  ranges  would 
be  available  for  use  in  comparison  with  models.  A special  effort  to  obtain  accurate  satellite 
ranges  was  made  up^er  the  direction  of  R.  T.  Bachman  of  NOSC.  Implementation  of  the 
acoustic  ranging  posed  some  special  problems.  The  MPL  processing  system  required  a CW 
output  from  the  primary  source,  the  HX-231F  operating  at  104  Hz.  Moreover  this  processing 
would  be  contaminated  if  bomb  shots  were  used  for  ranging  purposes.  Therefore  the  use  of 
shots  had  to  be  ruled  out. 

The  use  of  two  pulsed  sources  was  implemented.  One  was  an  HX-182A  source  at 
140  Hz  and  the  other  was  a C-42CJ  source  at  1 kHz.  Both  these  sources  were  to  project 
1 /2-sec  pulses  every  15  sec  and  both  were  to  be  towed  12  m deeper  than  the  primary  source. 
The  chief  purpose  of  two  secondary  sources  was  acoustic  ranging.  It  was  also  anticipated 
that  the  140-Hz  pulses  would  be  useful  in  resolving  the  multipath  structure  of  arrivals  at  a 
frequency  near  that  of  the  primary  source.  The  1-kHz  pulses  would  allow  investigation  of 
possible  frequency-dependent  diffraction  effects. 


EXERCISE  EXECUTION  AND  ENVIRONMENTAL  ANALYSIS 

In  general  the  exercise  went  according  to  plan.  There  were  two  equipment  casualties 
which  impacted  the  seamount  shadowing  experiment. 

The  first  problem  was  with  the  DE  STEIGUER  winch  used  in  towing  the  acoustic 
sources.  Upon  initial  lowering  of  the  sources,  it  was  found  that  the  winch  could  not  be 
reversed  to  raise  the  sources.  The  sources  towed  deeper  than  anticipated  and  could  not  be 
adjusted  because  cf  the  winch  problem.  (The  winch  controls  had  been  modified  in  San 
Francisco  just  prior  to  this  exercise  and  the  plans  for  the  modification  were  not  aboard  the 
DE  STEIGUER.)  As  a result,  all  of  the  seamount  shadowing  runs  were  made  with  the  pri- 
mary source  at  a depth  of  122  m rather  than  9 1 m as  called  for  in  the  exercise  plan.  More- 
over the  1-kHz  source  did  not  work  properly  and  could  not  be  brought  onboard  to  repair. 

As  a result  no  data  were  obtained  at  1 kHz.  However,  the  source  at  140  Hz  provided  the 
necessary  travel  time  data. 

The  second  problem  was  improper  tension  on  the  analog  magnetic  tape  recorder 
aboard  FLIP.  This  tape  was  used  to  record  the  140-Hz  pulse  transmissions.  This  improper 
tension  caused  an  oxide  buildup  on  the  recording  heads.  As  a result,  the  recordings  on  the 
various  tape  channels  successively  deteriorated  as  Track  A progressed,  with  complete  failure 
ensuing  at  a range  of  about  334  kin  on  Track  A.  This  problem  was  not  detected  until  the 
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tapes  were  processed  in  the  laboratory.  Therefore,  there  were  no  acoustic  ranging  measure- 
ments during  the  remainder  of  Track  A or  for  any  of  the  subsequent  tracks.  This  was  not  a 
catastrophic  failure  for,  as  we  shall  presently  see,  there  were  enough  travel  time  measurements 
during  Track  A to  establish  that  satellite  ranging  was  adequate  for  practical  purposes. 

In  1975  Refs.  3 and  4,  containing  a thorough  treatment  of  the  environmental  measure- 
ments made  on  CAPER,  were  issued. 

The  sound-speed  profiles  are  discussed  in  detail  in  Ref.  3,  which  determined  that  the 
test  area  could  be  characterized  by  four  profile  shapes.  Figure  5,  taken  directly  from  Ref.  3, 
presents  the  source  ship  tracks  for  Runs  A-E  and  the  sound-speed  profile  shape  boundaries. 

In  this  plot  the  numbered  dots  represent  the  location  of  XBT’s  taken  from  the  DE  STEIGUER, 
(The  location  of  other  sound-speed  data  taken  from  MOANA  WAVE  and  FLIP  can  be  found 
in  Fig.  6 of  Ref.  3.) 

Figure  6 presents  the  upper  400  m of  these  four  profiles  and  also  the  profile  labelled 
“PRE,”  which  was  the  predicted  profile  used  in  the  initial  planning  work  of  Figs.  2 to  4. 

From  the  analysis  of  Ref.  3,  profiles  1A  and  IB  are  the  same  below  100  m,  profiles  2A  and 
2B  are  the  same  below  400  m,  and  all  four  of  these  profiles  are  the  same  below  500  m.* 
Table  24  of  Ref.  3 lists  the  sound-speed  differences  between  adjacent  profiles.  The  maximum 
difference  in  this  table  is  9.61  m/sec  and  occurs  between  2B  and  IB  at  a depth  of  125  m. 

This  max  ' :ium  difference  occurs  almost  at  the  primary  DE  STEIGUER  source  at  104  Hz, 
whioii  is  at  122  m depth.  Thus  this  source  was  operating  at  a very  critical  depth  as  far  as 
horizontal  sound-speed  changes  are  concerned.  As  a consequence,  the  geometry  is  almost 
ideal  from  the  standpoint  of  assessing  the  effect  of  range-dependent  sound-speed  profiles. 

The  predicted  profile  (PRE)  in  Fig.  6 was  based  on  NORPAC  measurements  made  in 
the  exercise  area  during  late  August  and  early  September  of  1955.  Values  are  given  in 
Table  < A of  Ref.  1.  At  depths  shallower  than  50  m,  the  predicted  profile  is  significantly 
lower  than  the  measured  data.  Table  3 of  Ref.  3,  developed  in  the  post-exercise  analysis, 
presents  the  average  of  35  h’„  drographic  casts  made  in  8 different  years.  This  average  falls 
very  close  to  the  four  measured  profiles.  For  example,  the  differences  from  the  four  measured 
profiles  at  the  ocean  surface  lie  between  2.55  and  -1.13  m/sec  and  are  well  within  3.0  m/sec 
standard  deviation  of  the  average.  Thus  the  CAPER  data  agree  well  with  the  average  profile 
of  Table  3.  On  the  other  hand,  the  mrface  smmd  speed  of  the  predicted  profile  (PRE)  is 
almost  two  standard  deviations  less  than  that  of  the  average  profile.  Unfortunately,  the 
NORPAC  measurements  do  not  appear  to  oe  typical.  In  the  exercise  area  in  August- 
September  1955  the  surface  temperatures  were  apparently  somewhat  lower  than  usual. 

Figure  7 presents  the  entire  sound-speed  profi’e  for  profile  1 A.  This  illustrates  the 
structure  for  all  four  measured  profne  types  that  were  the  samt  below  500  m.  Below  this 
depth  the  PRE  profile  differed  by  at  *..  _>st  0.7  m/sec.  which  occurred  at  600  m depth.  Differ- 
ences below  2000  m were  less  than  0.1  m/sec.  The  nominal  bottom  depth  of  the  abyssal  hills 
is  4200  m and  is  indicated  in  Fig.  7 b>  the  hatched  line. 

Recall  our  earlier  concern  during  the  planning  phase  about  the  possibility  of  the  sea- 
mount influencing  the  sound-speed  profiles.  A comparison  between  a deep-water  profile 
well  removed  from  the  seamount  and  the  average  of  profiles  measured  within  a 1 8-km  radius 
of  tire  seamount  peak  is  presented  in  the  lower  part  of  Table  22  of  3. 

The  discussion  of  Table  72  as  presented  in  Ref.  3 nee^s  to  be  expanded  somewhat, 
with  some  additional  information  provided.  We  first  note  a numerical  error  in  the  table.  The 
difference  for  2500  m depth  should  be  0.22  m/sec  rather  than  the  0.28  m/sec  value  presented. 
We  next  note  that  at  800  m the  difference  between  profiles  is  less  than  one-fourth  the 

"■Reference  3 uses  roimn  ..umerals  for  profile  designation. 
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Figure  5,  Location  of  DE  STEIGUER  XBT  (*)i  Runs  A-E  source  ship  tracks,  and 
sound-speed  profile  shape  boundaries. 
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Fipre  6.  Near-surface  sound-speed  profiles  illustrating  the  profile  shapes  referred  to  in  Fig.  5. 
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standard  deviation.  Thus  the  seamount  has  no  apparent  influence  on  sound  speeds  above  a 
depth  of  800  m.  Finally  we  note  the  sequence  of  differences  in  Table  22.  All  of  these  differ- 
ences for  depths  of  1000  to  2500  m lie  between  0.21  and  0.24  m/sec  with  the  exception  of 
the  value  of  0.42  m/sec  for  2000  m depth.  In  this  case  we  surmise  that  the  deepwater  profile 
observation  of  149 1 .25  m/sec  is  somewhat  lower  than  typical.  This  hypothesis  was  checked 
by  the  data  from  two  hydrographic  casts  made  during  CAPER  and  extending  to  2000  m. 
These  casts  are  presented  in  Table  6 of  Ref.  3.  The  sound  speeds  at  2000  m depth  were  cal- 
culated to  be  1491.35  and  1491.49  m/sec  for  Casts  1 and  2,  respectively.  Corresponding 
differences  from  the  seamount  profile  are  0.32  and  0.20  m/sec,  respectively.  This  tends  to 
confirm  our  hypothesis.  The  significance  of  the  seamount  profile  will  be  discussed  in  acous- 
tic terms  later. 

Reference  4 presents  the  satellite  navrg;;t:on  and  bathymetric  data  for  CAPER.  One 
of  the  critically  important  measurements  of  Ref.  4 is  the  geographical  coordinates  of  FLIP, 
since  this  FLIP  position  must  be  used  to  determine  range  for  each  satellite  fix  along  the 
source  tracks.  The  location  of  FLIP  was  determined  on  the  basis  of  15  satellite  observations 
made  by  DE  STEIGUER  while  within  radar  range  of  FLIP.  This  location  was  33°37.92'N 
and  125°29.53'W.  The  standard  deviation  of  this  range  position  was  539  m.  This  location  is 
3.08'S  and  1.53'W  of  the  moor  point  called  for  in  the  exercise  plan. 

Reference  4 also  contains  a detailed  bathymetric  chart  of  Stoddard  Seamount.  The 
center  of  the  peak  is  3 1°44.8'N  and  1 26°  1 3.4'W.  This  location  is  2.2'S  and  3.6'E  of  the  value 
quoted  in  Ref.  1.  It  was  necessary  for  MOAN  A WAVE  to  change  the  planned  schedule  to 
complete  other  high-priority  environmental  measurements.  Thus  the  MOANA  WAVE  did  not 
position  at  the  seamount  peak  as  a guide  for  DE  STEIGUER.  Instead,  the  position  of  the 
seamount  peak  was  radioed  by  MOANA  WAVE  prior  to  the  start  of  Run  A and  the  DE 
STEIGUER  navigated  toward  this  position.  The  DE  STEIGUER  crossed  about  2.5  km  east 
of  the  peak.  About  5 min  after  noting  a minimum  depth  of  1 778  m,  a satellite  fix  was  taken. 
On  the  basis  of  this  fix  the  ships  course  was  adjusted  to  bring  the  ship  closer  to  the  bearing 
line  between  FLIP  and  Stoddard  Seamount. 

Reference  4 characterizes  the  operation  area  as  “within  a province  of  abyssal  hills,” 
characterized  by  low  ridges  (of  35  to  180  m relief),  hills  (of  up  to  730  m relief)  and  occa- 
sional seamounts  or  groups  of  seamounts  (of  up  to  3 to  4 km  relief)-  Other  than  in  the 
vicinity  of  Stoddard  Seamount  the  shallowest  depth  recorded  was  3502  m. 
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COMPARISON  OF  ACOUSTIC  AND  SATELLITE  NAVIGATION  RANGES 

One  of  the  secondary  objectives  was  a comparison  of  range,  as  measured  from  acoustic 
travel  time,  with  the  range  between  source  and  receiver  location  as  determined  from  satellite 
fixes. 

The  HX-182-A  source  was  towed  at  a nominal  depth  of  133  m.  It  was  operated  at 
140  Hz  and  emitted  1 /2-sec  pulses  every  15  sec.  The  transmission  of  these  pulses  was  con- 
trolled by  a time  code  generator,  which  was  checked  periodically  aboard  DE  STEIGUER  with 
WWV.  A radio  pulse  was  transmitted  simultaneously  with  each  acoustic  pulse. 

The  acoustic  pulses  were  recorded  on  magnetic  tape  aboard  FLIP  for  receiver  depths 
of  94, 206/  732,  3508,  and  4363  m.  The  radio  pulses  from  DE  STEIGUER  and  WWV  time 
ticks  were  also  recorded  on  this  magnetic  tape. 

Upon  return  to  the  laboratory,  the  magnetic  tape  data  were  processed  onto  a six- 
channel  Brush  recorder.  Not  all  receiver  channels  could  be  processed  in  the  single  pass  made 
through  the  tapes.  With  a few  exceptions,  the  most  useful  data  came  from  the  receivers  at 
depths  of  94  and  3508  m. 

The  strip  chart  recorder  was  normally  run  at  a paper  speed  of  1 mm/sec.  However 
every  15  min  the  paper  speed  was  increased  to  a nominal  125  mm/sec  to  allow  for  an  accu- 
rate measurement  of  travel  time.  The  paper  speed  was  also  increased  at  the  times  correspond- 
ing to  satellite  fixes.  The  idea  behind  this  procedure  was  that  the  range  as  determined  by  the 
satellite  fixes  should  be  most  accurate  at  the  time  of  the  fix  itself  since  ranges  Tor  other  times 
would  involve  the  additional  error  of  interpolation  between  the  ranges  of  successive  fixes. 

Considerable  care  was  taken  to  eliminate  or  minimize  various  sources  of  error  in  the 
measurement  of  acoustic  travel  time.  For  example  the  paper  speed  was  determined  for  each 
observation  from  the  WWV  time  ticks.  Successive  values  would  run  with  consistency  to  about 
O.i  mm/sec  for  a number  of  observations  and  then  would  jump  to  a completely  different 
value.  Paper  speeds  throughout  the  entire  set  of  observations  lay  between  1 24.7  and  1 18.8 
mm/sec.  This  is  a variation  of  about  5 percent  and,  hence,  represents  a significant  source  of 
error  if  not  determined  for  each  observation. 

Potential  error  was  minimized  by  measuring  on  the  recorder  only  the  time  difference 
between  the  radio  pulse  (or  WWV  minute  pulse)  and  the  nearest  acoustic  pulse  received.  This 
time  difference  never  exceeds  15  sec.  The  acoustic  pulse  on  which  the  measurement  is  based 
does  not  correspond  to  the  radio  pulse.  However,  the  acoustic  travel  time  can  be  obtained  by 
adding  in  the  appropriate  multiple  of  15  sec. 

Whenever  available,  the  radio  pulse  from  the  DE  STEIGUER  was  used.  When  radio 
reception  from  DE  STEIGUER  Was  poor,  without  clean-cut  pulses,  the  WWV  minute  pulse 
was  used.  This  latter  procedure  requires  that  the  time  of  transmission  aboard  DE  STEIGUER 
be  known  accurately.  Accuracy  was  ensured  in  this  case  by  making  a series  of  measurements 
of  the  time  difference  between  the  radio  pulse  from  DE  STEIGUER  and  the  WWV  minute 
pulse.  A plot  of  these  time  differences  over  a 48-hour  period  during  the  acoustic  run  showed 
that  the  time  code  generator  aboard  DE  STEIGUER  drifted  at  a constant  rate  of  about 
28  msec/hour.  Two  jumps  in  the  time  code  generator  were  also  detected  - one  of  100-mscc 
and  the  other  of  400- msec.  The  drift  and  the  jumps  were  factored  in  as  corrections  so  that 
accurate  acoustic  travel  times  could  be  obtained  when  tire  DE  STEIGUER  radio  pulse  could 
not  be  used. 

One  other  point  should  be  noted.  Since  the  source  ship  is  moving  and  the  receiver 
ship  is  fixed,  the  measured  acoustic  travel  time  is  associated  with  the  source  position  at  the 
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time  of  transmission.  The  time  of  transmission  was  obtained  by  determining  the  time  of 
reception  aboard  FLIP  and  then  subtracting  the  acoustic  travel  time. 

The  next  step  of  the  process  was  to  convert  these  measured  travel  times  to  acoustic 
ranges.  At  this  point,  the  discussion  of  two  ray  diagrams  will  help  illustrate  how  this  conver- 
sion was  done. 

Figure  8 is  a ray  diagram  for  a source  depth  at  94  m.  The  horizontal  line  represents 
a receiver  depth  of  122  m.  The  ray  treatment  of  a moving  source  in  a range-variable  environ- 
ment is  very  complicated.  Since  in  this  exercise  the  receivers  are  fixed  relative  to  the  bottom 
topography  and  sound-speed  profiles,  in  this  and  in  all  ray  calculations  to  follow  we  will 
consider  the  rays  to  be  emanating  from  the  receiver  aboard  FLIP  and  will  apply  reciprocity. 
Thus  the  regions  cut  by  the  rays  at  122  m depth  in  Fig.  8 represent  ensonified  regions  corre- 
sponding in  reality  to  a 122-m  source  depth  and  a 94-m  recei/ei  depth.  (This  was  the  shallow- 
est of  the  FLIP  receivers  during  the  seamount  shadowing  phase  of  the  exercise.) 

The  rays  shown  are  at  1-deg  increments  from  a source  angle  of  0°  to  ±9  deg.  In  addi- 
tion the  rays  which  graze  a bottom  depth  of  4206  m are  shown.  This  was  chosen  as  the 
nominal  bottom  depth  of  the  abyssal  hills  on  either  side  of  the  seamount.  The  topography 
shown  at  the  bottom  of  Fig.  8 is  that  measured  along  Run  A,  with  the  exception  that  the 
seamount  profile  itself  (shown  at  a range  of  about  220  km)  is  the  profile  directly  across  the 
peak  as  determined  from  the  seamount  survey  of  Ref.  4.  The  nominal  bottom  depth  of 
4206  m was  chosen  on  the  basis  of  the  minor  bottom  relief  features  of  the  abyssal  hills.  No 
attempt  was  made  to  take  this  minor  relief  into  detailed  account  in  the  ray  computations, 
because  it  is  only  indicative  of  what  the  true  relief  was  between  source  and  receiver.  In  short, 
as  far  as  all  ray  computations  are  concerned,  the  bottom  is  assumed  to  be  flat  at  4206  m 
depth  except  for  Stoddard  Seamount. 

The  numbers  set  at  various  ranges  along  the  horizontal  line  in  Fig.  8 represent  the 
convergence  zone  number  and  are  positioned  near  the  leading  edge  of  a convergence  zone  for 
tlie  1 22-m  receiver.  The  short  dashed  lines  at  the  top  of  Fig.  8 represent  the  boundaries 
between  the  various  sound-speed  profiles  as  described  in  Ref.  3.  They  are  labelled  by  the 
appropriate  profile  designator  on  each  side  of  the  dashed  line.  For  example  the  boundary 
between  profile  1A  and  2A  occurs  at  a range  of  about  61  km. 

The  ray  theory  used  in  this  treatment  is  basically  that  presented  in  Ref.  5,  for  which 
the  sound-speed  profile  has  a continuous  depth  derivative.  This  treatment  has  been  modified 
slightly  to  allow  for  horizontal  changes  in  profile  which  take  place  near  the  surface.  In  this 
modification  the  horizontal  change  is  programmed  to  take  place  so  that  there  are  no  discon- 
tinuities in  sound  speed  or  in  its  depth  derivative.  In  the  example  of  Fig.  8,  the  rays  are 
traced  using  profile  1A  until  they  form  tlie  nadir  between  zone  1 and  zone  2,  At  this  point 
file  ray  trace  proceeds  using  profile  2 A.  There  are  no  discontinuities  produced  at  this  junc- 
ture, because  profiles  1 A and  2 A are  identical  at  file  nadir  depths.  The  ray  trace  continues 
then  to  use  profile  2A  until  the  rays  form  the  nadir  between  zones  3 and  4.  At  this  point 
tlie  ray  trace  proceeds  using  profile  1 B until  file  nadir  between  zones  5 and  6,  at  which  time 
file  remainder  of  the  ray  trace  uses  profile  2B. 

The  boundaries  between  1A/2A  and  2A/IB  are  geometrically  well-positioned  for  this 
scheme  of  ray  tracing.  Tins  is  not  true  for  the  boundary  between  1 B/2B.  This  boundary  falls 
in  the  middle  of  convergence  zone  5.  However,  the  ray  tracing  scheme  assumes  that  profile 
IB  applies  for  all  of  zone  5.  Thus  this  simple  approach  is  only  approximate.  However  it 
should  accommodate  most  of  the  horizontal  change  in  profile  and  should  introduce  relatively 
minor  errors  compared  to  ignoring  horizontal  change  altogether. 


The  effect  of  horizontal  change  is  quite  apparent  in  the  ray  diagrams.  For  example 
the  0-deg  ray  at  the  source  barely  reaches  the  122-m  receiver  in  zones  2 and  3,  extends  well 
above  this  receiver  in  zones  4 and  5,  and  falls  well  below  this  receiver  for  zones  6 to  9. 

If  one  looks  at  the  nadirs  of  the  rays  between  zones  4 and  5,  one  can  readily  deter- 
mine that  absolute  values  of  source  angles  less  than  6 deg  intersect  the  seamount,  whereas 
those  greater  than  7 deg  clear  the  seamount.  Those  clearing  the  seamount  generally  reflect 
from  the  ocean  surface,  although  there  is  a small  bundle  which  does  not  reflect  from  the 
ocean  surface. 

Figure  9 ic  the  counterpart  of  Fig.  8 for  a source  depth  of  3508  m.  This  corresponds 
to  the  deep  receiver  at  FLIP,  for  which  most  travel  time  measurements  were  recorded.  In 
this  case  the  nomenclature  for  the  various  convergence  zones  does  not  necessarily  conform 
to  convention.  We  designate  the  initial  region  of  surface  ensonification  as  zone  0 because  it 
consists  in  part  of  the  direct  field.  (Others  may  consider  this  as  zone  1 , at  least  in  part.) 

In  this  calculation  profile  1 A is  used  to  calculate  zone  0,  profile  2A  is  used  to  extend 
through  zones  1 ^ nd  2,  profile  IB  is  used  to  extend  through  zones  3 and  4,  and  profile  2B  is 
used  to  extend  beyond  zone  4.  fn  this  example  the  geometrical  position  of  the  boundaries 
makes  these  profile-zone  choices  clear  cut.  As  can  be  seen,  all  rays  leaving  the  source  inter- 
sect the  seamount. 

Now  that  the  ray  diagrams  have  been  introduced,  we  may  return  to  the  problem  of 
converting  travel  time  measurements  to  range.  In  the  case  of  travel  time  measurements,  a 
receiver  depth  of  134  m applies  rather  than  the  122-m  depth  shown  in  Figs.  8 and  9. 

Travel  times  were  computed  consistent  with  the  manner  in  which  the  ray  diagrams  of 
Figs.  8 and  9 were  generated,  it  should  be  noted,  however,  that  in  the  travel  time  computa- 
tion and  in  propagation  loss  computations  to  be  presented  later,  a much  greater  density  of 
rays  was  computed  than  the  few  rays  shown  in  the  ray  diagram. 

In  all  measurements  of  travel  time,  the  first  (fastest)  arrival  was  used.  Each  measured 
travel  time  was  compared  to  the  corresponding  theoretical  travel  time  and  converted  to  range 
by  means  of  three-point  Lagrangian  interpolation  on  the  theoretical  set  of  travel  lime  and 
range  computations. 

If  the  ray  calculations  indicated  that  there  was  no  non  bottom-reflected  ray  which 
had  the  measured  travel  time,  the  observation  was  omitted  from  the  data  set.  These  omitted 
observations  could  either  result  from  bottom-reflected  rays  or  from  diffraction  arrivals  in  the 
shadow  zone.  Those  resulting  from  bottom  reflections  were  omitted  because  the  range  accu- 
racy depends  on  the  exact  depth  of  the  bottom  from  which  the  reflection  took  place.  This 
was  not  known  precisely  enough  for  this  exercise,  which  was  conducted  in  a region  of  abyssal 
hills  rather  than  plains.  The  diffraction  arrivals  were  omitted  because  it  is  not  clear  how 
these  travel  times  should  be  converted  to  ranges. 

There  were  70  measurements  of  acoustic  travel  time,  covering  ranges  from  3,7  to 
335  km.  There  were  23  satellite  fixes  applicable  to  this  range  interval.  The  time  period  cor- 
responding to  this  interval  is  from  1825  of  one  day  to  0045  two  days  later.  Thus  this  inter- 
val should  contain  133  measurements  of  acoustic  travel  time:  1 10  measurements  at  15-min 
intervals  plus  23  measurements  made  at  satellite  fixes. 

The  first  item  to  note  is  that  only  about  52  percent  of  the  prescribed  number  of 
measurements  w ere  actually  made.  Causes.for  missed  measurements  are:  all  signals  below 
noise,  ragged  leading  edge  of  acoustic  or  radio  pulse  or  WWV  time  ticks,  missing  radio  pulse 
and  time  tick,  and  operator  error.  No  doubt  some  of  these  missed  measurements  could  be 
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obtained  by  careful  replay  of  the  tapes.  Only  one  acoustic  pulse  and  one  radio  or  time  tick 
measurement  was  recorded  on  fast  speed.  On  replay  an  adjacent  set  could  be  recorded  on 
[ fast  speed.  These  adjacent  sets  might  have  better  signal-tonoise  ratios  and  clear-cut  leading 

I edges.  Also  on  replay  other  receiver  depths  might  be  investigated.  If  one  wished  to,  one 

j could  conceivably  attempt  to  measure  acoustic  travel  times  for  every  pulse.  Fortunately  for 

• our  purposes  replay  does  not  appear  necessary.  As  we  shall  see  presently,  the  70  measure- 

s ments  provide  an  adequate  data  set. 

\ The  limitation  of  acoustic  data  points  to  travel  times  corresponding  to  non-bottom- 

reflected  rays  reduced  the  70  observations  to  58.  These  58  acoustic  ranges  and  the  23 
satellite  ranges  were  subjected  to  another  test  to  further  weed  out  erroneous  observations. 

In  this  test  the  ship’s  apparent  speed  as  determined  by  two  adjacent  measurements  of  range 
is  calculated. 

These  speeds  as  determined  for  all  adjacent  pairs  of  acoustic  ranges  are  plotted  as 
diamonds  in  Fig.  10.  The  speed  is  plotted  at  the  range  corresponding  to  the  greater  range  of 
the  two  adjacent  pairs.  A similar  procedure  was  performed  for  the  ranges  as  determined  by 
satellite  fixes.  Those  are  plotted  asX’s  in  Fig.  1 0.  For  general  reference,  the  speeds  as  deter- 
mined by  ship’s  log  are  plotted  as  triangles  in  Fig.  10. 

In  Fig.  10  observations  associated  with  the  points  labelled  A to  E are  considered 
suspect  because  they  produce  unrealistic  excursions  in  apparent  ship  speed.  Consider  first 
satellite  point  A.  This  point  is  in  actuality  way  off  scale  at  a value  of  10.1  kr._ts.  Investiga- 
tion showed  that  in  tills  case  the  two  satellite  fixer  '«re  only  4 min  apart.  With  so  short  a 
time  baseline,  a small  error  in  range  produces  a large  uvor  in  ship  speed.  The  best  of  these 
two  adjacent  satellite  fixes  was  accepted  and  the  other  rejected.  This  is  the  only  satellite  fix 
which  v.  as  rejected.  The  other  22  satellite  fixes  were  all  used  in  the  analysis  to  follow. 

Investigation  of  the  acoustic  ranges  associated  with  points  B to  E lead  to  the  rejection 
of  three  acoustic  ranges  associated  with  points  B to  D.  Reference  4 notes  3 steering  casualty 
at  a time  which  affects  point  E.  Thus  point  E represents  a true  reduction  in  ship  speed. 
Examination  showed  that  one  of  the  acoustic  pulses  associated  with  point  B had  a dubious 
leading  edge  and  should  be  rejected.  In  contrast,  the  acoustic  pulses  associated  with  points 
C and  D were  clean  cut.  There  was  no  apparent  reason  for  error.  Nonetheless  a range  point 
associated  with  C and  D was  rejected. 

The  rationale  for  these  rejections  is  illustrated  in  Fig.  1 1.  Figure  1 ! is  the  counter- 
part of  Fig.  10  after  the  rejection  of  erroneous  measurements  associated  with  points  A to  D. 
Observe  that  this  rejection  results  in  a significantly  smoother  curve.  Consider,  for  example, 
the  rejection  associated  with  point  D.  One  erroneous  range  point  always  produces  two  erro- 
neous ship  speeds.  In  the  case  of  point  I)  the  measured  acoustic  range  at  1)  was  too  small. 

Thus  the  ship  speed  calculated  from  this  range  and  the  preceding  range  will  be  loo  small.  In 
contrast  the  ship  speed  as  calculated  from  the  range  at  D and  the  following  range  will  be  too 
large.  Thus  the  one  erroneous  range  at  {Joint  D produces  two  glitches  (.one  negative  and  one 
positive)  in  the  plot  of  Fig.  10. 

Observe  how  these  two  glitches  arc  removed  in  Fig.  1 1 . Comparison  of  Figs.  10  and 
1 1 show  removal  of  two  ghtches  at  each  of  the  points  A through  l).  In  any  case  this  removal 
of  significant  glitches  appears  to  be  sufficient  grounds  for  rejecting  observations  even  if  no 
other  basis  is  evident.  The  number  of  acoustic  observations  accepted  was  55. 

The  next  step  in  the  process  was  to  compare  the  acoustic  ranges  with  those  determined 
from  the  satellite  observations.  The  difference  between  acoustic  ranges  and  satellite  ranges  is 
plotted  versus  acoustic  range  in  Fig.  1 2.  The  Y’s  represent  differences  associated  with 
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Figure  10.  Ship  speed  as  calculated  from  adjacent  range  observations.  Points  A to  E are  suspect. 


Figure  1 1.  Ship  speed  as  calculated  from  adjacent  range  observations  after  removal  of  points  A to  D of  Fig.  10. 


Figure  12.  Difference  between  acoustic  ranges  and  satellite  navigation  ranges  (before  correction). 


simultaneous  satellite  and  acoustic  ranges,  whereas  the  X’s  represent  differences  associated 
with  interpolations  between  satellite  ranges.  There  are  52  data  points  in  Fig.  12.  The  last 
three  of  the  acoustic  observations  accepted  in  Fig.  1 1 and  covering  ranges  between  327  and 
333  km  could  not  be  compared  in  Fig.  12.  Because  of  the  steering  casualty  there  was  no  way 
to  properly  interpolate  between  satellite  fixes.  Thus  there  was  no  satellite  range  available 
for  comparison. 

As  can  be  seen  in  Fig.  12,  the  differences  are  strongly  biased  to  the  negative  side. 

This  is  illustrated  in  Fig.  13,  which  represents  a histogram  of  the  data  of  Fig.  12  divided  into 
91.4-m  bins.  The  mean  difference  is  -234  m,  with  a standard  deviation  of  240  m.  Seventy-one 
percent  of  the  52  data  points  fall  within  the  standard  deviation.  The  standard  error  of  the 
mean  difference  is  33  m. 

We  next  applied  a test  to  determine  if  the  bias  in  Figs.  12  and  13  could  be  attributed 
to  the  statistical  error  in  the  position  of  FLIP.  Student’s  t test  applied  to  the  data  of  Fig.  12 
and  to  the  FLIP  position  data  of  Ref.  4 yielded  a value  of  t = 2.38,  which  is  significant  at 
better  than  the  1 -percent  significance  level  for  the  65  deg  of  freedom  involved  in  the  test. 

Thus  there  is  a significant  bias  in  the  data  of  Figs.  1 2 and  13. 

Various  sources  of  error  which  could  introduce  a bias  in  the  data  were  investigated. 

The  first  source  uncovered  was  the  difference  between  the  position  of  the  satellite  antenna 
and  the  acoustic  source.  The  satellite  antenna  was  mounted  on  the  aft  mast  about  25  m 
from  where  the  tow  cable  entered  the  water.  The  cable  length  to  the  pulsed  source  was 
140  m.  For  a 25-deg  wire  angle  this  cable  length  was  estimated  to  result  in  the  source  being 
about  47  m aft  of  the  point  where  the  tow  cable  entered  the  water.  Since  the  source  was 
towed  on  a radial  from  the  receiver,  the  satellite  range  should  be  reduced  by  25  + 47  m (72  m). 
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Figure  13.  Histogram  corresponding  to  Fig.  12.  Mean  difference  » -234  m,  a = 240  m. 
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This  factor  reduces  the  bias  from  -234  to  -1 62  m.  Student’s  t test  now  yields  a value 
of  t = 1 .64,  which  corresponds  to  the  5-percent  significance  level.  Thus  although  this  correc- 
tion reduces  the  bias,  the  significance  level  is  still  small  enough  to  suggest  other  sources  of 
systematic  error  in  the  data. 

R.  T.  Bachman  of  NOSC  then  examined  other  possible  sources  of  systematic  error  in 
the  satellite  ranges.  He  soon  determined  that  in  calculator  j these  ranges  in  Ref  4 he  used  a 
geodetic  constant  appropriate  for  a latitude  of  45°.  The  geodetic  constant  decrease*  by  about 
1 percent  from  pole  to  equator  and  the  use  of  the  45°  value  results  in  an  ertor  of  about 
0.5  percent  at  most.  Heretofore  this  error  has  been  considered  acceptable  in  connection  with 
satellite  navigation  at  sea.  However  in  this  case  it  represents  a significant  source  of  error.  The 
median  range  of  Fig.  12  is  about  155  km  and  corresponds  to  a latitude  of  about  32.4°.  The 
geodetic  constant  at  this  latitude  is  0.2 17  percent  less  than  that  at  45°.  This  error  would 
then  translate  into  a satellite  range  that  is  about  350  m too  great.  Thus  it  is  significant  in 
terms  of  Fig.  12. 

Bachman  then  recomputed  all  the  satellite  ranges  by  means  of  a geodetic  constant 
which  varies  appropriately  with  the  mean  latitude.  The  counterpart  of  Fig.  12  for  these  newly 
computed  ranges  is  presented  in  Fig.  14,  which  also  takes  into  account  the  72-m  displacement 
between  acoustic  source  and  satellite  antenna.  The  differences  are  now  biased  on  the  positive 
side.  This  is  illustrated  by  Fig.  15.  The  mean  difference  is  1 17  m with  a standard  deviation 
of  272  m. 

Student’s  t test  applied  to  the  data  of  Fig.  14  and  to  the  FLIP  position  data  of  Ref.  4 
yielded  a value  of  t = 1 .124.  This  corresponds  to  a significance  level  of  about  13  percent. 

Thus  our  corrections  have  decreased  the  significance  level  of  the  bias.  We  also  note 
by  comparing  Figs.  14  and  12  that  the  correction  due  to  the  improved  geodetic  constant  has 
removed  a slight  dependence  on  range.  In  Fig.  14  the  differences  appear  to  be  quite  inde- 
pendent of  range  beyond  69  km.  Observe,  however,  that  the  standard  deviation  has  increased 
somewhat  in  Fig.  15  as  compared  to  Fig.  13.  This  is  explained  by  the  points  on  the  left  tail 
of  the  distribution.  Examination  of  the  data  shows  that  the  four  observations  with  differences 
to  the  left  of -366  m are  all  affected  by  a satellite  observation  at  36.1  km.  We  believe  this  to 
be  a poor  satellite  fix.  Removal  of  this  poor  fix  would  reduce  the  standard  deviation  consid- 
erably, but  would  also  increase  the  mean  difference. 

Although  we  cannot  prove  it,  we  strongly  suspect  there  remains  a significant  bias  in 
the  data  of  Fig.  15.  The  fact  that  67  percent  of  the  data  points  lie  between  91  and  366  m 
strongly  suggests  that  this  is  the  case.  Possible  reasons  for  this  bias  are  only  speculative.  How- 
ever a likely  cause  is  some  bias  in  the  location  of  FLIP. 

One  assumption  made  throughout  is  that  the  FLIP  position  is  fixed.  Reference  6 dis- 
cusses the  excursions  of  FLIP  on  a three-point  moor  in  41 10-m  water  as  measured  during  a 
5-week  period.  The  average  excursion  was  on  the  order  of  229  m.  However  a total  spread  of 
some  1 100  m was  noted.  These  extreme  excursions  occurred  when  wind  and  current  were  in 
the  same  direction.  Thus  there  is  no  doubt  that  the  meanderings  of  FLIP  on  its  moor  con- 
tribute to  the  scatter  of  Fig.  14.  Indeed  the  somewhat  cyclical  nature  of  the  data  in  Fig.  14 
beyond  a range  of  69  km  suggests  the  influence  of  wind  and  currents.  It  is  also  conceivable 
that  wind  and  currents  were  such  that  the  mean  set  of  FLIP  differed  by  several  hundred 
meters  during  the  determination  of  the  FLIP  location  and  during  Run  A. 

Thus  far  we  have  investigated  only  the  satellite  ranges  as  a possible  source  of  bias. 

There  is  a good  possibility  that  some  of  the  bias  can  be  attributed  to  the  acoustic  ranges.  The 
acoustic  ranges  were  based  on  Anderson’s  sound  speeds  (Ref.  3).  A recent  analysis  by 
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Figure  14.  Counterpart  of  Fig.  12  after  correction  for  geodetic  constant  and  acoustic  source  position. 
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Figure  15.  Histogram  corresponding  to  Fig.  14.  Mean  difference  * 1 17  m,  a = 272  m. 


Lovett  (Ref.  7)  indicates  that  the  Anderson  sound  speeds  are  between  0.3  and  0.4  m/sec  too 
high.  The  first-order  effect  of  this  is  to  make  the  group  velocity  of  ray  theory  0.3  to  0.4 
m/sec  too  high.  The  acoustic  travel  time  at  the  median  range  is  about  105  sec.  Thus  if  we 
lower  the  group  velocity  by  0.35  m/sec  we  decrease  the  median  acoustic  range  by  37  m. 

This  estimate  would  reduce  the  bias  in  Fig.  1 5 from  1 17  to  80  m. 

Note  in  Fig.  1 5 that  88  percent  of  the  acoustic  ranges  lie  within  ±366  m of  their  cor- 
responding values  determined  by  satellite  navigation.  Thus  if  a 366-m  error  is  tolerable,  satel- 
lite navigation  is  an  acceptable  method  for  ranging  between  a fixed  and  moving  ship. 

The  CW  signals  which  MPL  processed  during  CAPER  were  averaged  over  a time  inter- 
val of  3 min  and  36  sec.  At  a nominal  speed  of  6 knots  this  corresponds  to  averaging  over  a 
range  interval  of  667  m.  Tlius  the  integration  interval  is  about  twice  the  value  of  the  possible 
range  error  attributable  to  satellite  navigation.  This  supports  MPL’s  contention  from  the 
inception  of  the  planning  of  Exercise  CAPER  that  satellite  navigation  was  adequate  in  this 
application. 

Four  other  items  on  the  navigational  aspects  of  CAPER  are  of  interest.  Let  us  first 
consider  the  distance  between  FLIP  and  Stoddard  Seamount.  This  range  as  determined  from 
the  satellite  positions  was  219.9  km.  The  acoustic  range  from  the  DE  STEIGUER  at  the  shal- 
lowest point  logged  on  the  echo  sounder  was  220. 1 km.  On  the  basis  of  the  bathymetric  charts 
the  actual  peak  of  Stoddard  Seamount  was  estimated  to  be  at  about  457  m greater  range. 

Thus  our  best  acoustic  estimate  is  220.6  km.  This  is  not  an  independent  acoustic  estimate 
because  it  depends  on  the  details  of  the  seamount  bathymetry,  which  relies  on  satellite  navi- 
gation. In  any  case  both  the  219.9  and  220.6  km  values  are  reasonably  close  to  the  distance  of 
224  km  upon  which  the  exorcise  was  designed. 
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A second  item  is  that  Ref.  4 reports  a relative  satellite  navigational  error  of  about 
457  m based  on  the  agreement  between  bathymetry  on  track  crossings. 

A third  item  is  that  the  range  scales  on  the  bathymetry  of  Figs.  8 and  9 and  similar 
figures  to  follow  are  based  on  acoustic  ranges  out  to  a range  of  about  330  km  and  are  based 
on  satellite  ranges  beyond.  A final  item  concerns  the  data  of  Fig.  14.  The  data  set  of  Fig.  14 
was  divided  into  two  subsets.  There  were  nine  data  points  for  which  differences  corresponded 
to  satellite  observations.  The  mean  difference  of  this  first  set  was  122  m with  a standard 
deviation  of  3 10  m.  There  were  43  data  points  for  which  differences  correspond  to  interpo- 
lation between  satellite  range  observations.  The  mean  difference  of  this  second  set  was  116  m 
with  a standard  deviation  of  264  m.  The  difference  between  these  means  (6  m)  is  not  statis- 
tically significant.  (Student’s  t test  yields  a value  of  t of  0.056.)  Thus  there  is  no  significant 
difference  in  accuracy  between  the  satellite  ranges  and  the  interpolated  satellite  ranges.  The 
additional  error  introduced  by  interpolation  between  fixes  is  small  compared  to  the  error  in 
the  fixes  themselves.  In  other  words,  for  practical  purposes  the  interpolated  ranges  are  as 
accurate  as  those  corresponding  to  the  actual  satellite  fixes. 
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ASSESSMENT  OF  SEAMOUNT  SHADOWING 

The  first  topic  to  consider  in  the  assessment  of  seamount  shadowing  is  the  receiver 
depths  at  FLIP.  These  are  given  in  Table  1 and  are  numbered  from  deepest  to  shallowest. 

The  depths  for  numbers  1 through  1 5 were  determined  acoustically,  whereas  those  for  16  to 
20  are  shallow  enough  that  the  wire  depths  were  accurate.  The  bottom  depth  at  FLIP  as 
measured  acoustically  was  4528  m.  The  receivers  flagged  with  the  asterisks  are  those  that 
were  recorded  on  magnetic  tape  for  the  travel  time  analysis  discussed  in  the  preceding  section. 

The  FLIP  receivers  were  grouped  in  four  sets  of  five  each.  Numbers  1 to  5 were 
selected  to  be  near  the  ocean  bottom.  Numbers  6 to  10  are  just  shallower  than  the  critical 
depth  (depth  where  sound  speed  equals  surface  sound  speed).  Numbers  1 1 to  15  were 
selected  to  straddle  the  sound-speed  axis.  Numbers  16  to  20  are  positioned  in  the  thermocline. 

The  first  item  to  note  is  that  whereas  hydrophones  1 to  5 are  positioned  well  with 
respect  to  the  4528-m  bottom  depth  at  FLIP,  they  are  not  positioned  well  from  the  stand- 
point of  the  bottom  relief  as  illustrated  in  Figs.  8 or  9.  A nominal  vertexing  depth  of  4206  m 
was  chosen  for  the  steepest  angle  ray  which  would  likely  clear  the  bottom  relief.  Hydro- 
phones 1 to  5 are  all  deeper  than  this  value.  Thus  we  are  reasonably  certain  that  , except  for 
very  short  ranges,  most  of  the  acoustic  arrivals  reaching  receivers  1 to  5 have  reflected  from 
the  bottom  even  before  the  seamount  was  traversed.  These  receivers  are  not  well  suited  to 
investigate  seamount  shadowing.  This  also  explains  why  only  one  useful  acoustic  travel  time 
was  obtained  from  receiver  number  1 . 

Unfortunately  as  far  as  receivers  1 to  5 are  concerned,  the  effect  of  the  abyssal  hills 
was  underestimated.  The  bathymetric  chart  of  Fig.  1 gave  no  hint  as  to  the  presence  of  this 
relief.  As  a matter  of  fact,  that  chart  suggests  corrected  bottom  depths  of  between  4300  and 
4480  in  for  at  least  the  first  9 1 km  of  Run  A.  Although  these  receivers  were  not  located  well 
from  the  standpoint  of  Run  A,  they  appear  to  be  in  excellent  locations  for  northern  or 
western  directions. 

Let  us  consider  now  hydrophones  6 to  10.  Figure  9 presents  the  ray  diagram  for 
number  6;  Fig.  16  presents  the  ray  diagram  for  number  10.  It  is  obvious  from  Figs.  9 and  16 
’iipt  all  arrivals  from  beyond  the  seamount  must  reflect  from  the  seamount  for  hydrophones 
6 o 1 0.  Thus  there  are  no  non-bottom-reflected  arrivals  from  beyond  the  seamount  for 
the^c  Hydrophones. 


Table  1 . Receiver  Depths  at  FLIP. 


Hydrophone  ** 

Depth,  m 

Hydrophone  # 

Depth,  in 

1* 

4363 

11 

844 

2 

4335 

12 

816 

3 

■'■107 

13 

788 

4 

4279 

14 

760 

S 

4251 

15* 

732 

6® 

3508 

16* 

206 

7 

3480 

17 

178 

8 

3452 

18 

150 

9 

3424 

19 

122 

10 

3396 

20* 

94 
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Figure  17  presents  the  ray  diagram  for  hydrophone  number  11.  (In  order  to  simplify 
the  plot,  rays  which  do  not  reach  a depth  of  304  m are  excluded  from  this  figure.)  In  this 
case  there  are  rays  which  pass  over  the  seamount  without  reflection.  Thus  hydrophones  1 1 
to  20  can  receive  rays  which  emanate  from  beyond  the  seamount  and  which  do  not  reflect 
from  the  seamount. 

One  can  estimate  from  Fig.  1 6,  the  deepest  receiver  depth  for  which  a ray  can  clear 
the  seamount.  We  note  that  the  first  ray  that  can  clear  the  seamount  is  the  bottom-limited 
ray  that  starts  initially  downward  at  the  receiver  depth.  The  critical  point  of  clearance  on 
the  seamount  profile  is  the  point  where  the  slope  breaks  on  the  far  side  at  a depth  of  about 
1714  m.  The  horizontal  displacement  of  the  bottom-limited  ray  in  Fig.  16  at  this  point  is 
about  8 km.  We  now  determine  the  depth  which  corresponds  to  8 km  range  for  the  bottom- 
limited  ray  that  starts  initially  upward  in  Fig.  16.  This  depth  was  determined  to  be  1746  m. 
For  a receiver  at  this  depth  the  lx -bom-limited  ray  that  starts  initially  downward  will  just 
clear  the  seamount.  Thus  for  receivers  shallower  than  1746  m,  some  rays  will  always  clear 
the  seamount  without  bottom  reflection. 

We  now  turn  to  a more  debated  examination  of  the  extent  of  shadowing  for  a partic- 
ular receiver.  In  this  case  we  have  chosen  the  shallowest  receiver,  i.e.,  number  20  at  a depth 
of  94  m.  The  source  depth  in  this  case  was  1 22  m. 

Figure  1 8 presents  a summary  of  this  study.  The  format  is  similar  to  that  of  Fig.  4 in 
that  distances  are  relative  to  the  peak  of  the  seamount,  which  is  labelled  P.  The  vertical 
scale  represents  the  distance  from  tire  peak  along  the  bearing  line  joining  FLIP  to  P.  The  hori- 
zontal scale  represents  the  normal  distance  from  this  bearing  line. 

The  solid  horizontal  lines  designate  the  various  ray-theory  convergence  zones  (assuming 
no  seamount  interference).  Convergence  zones  S,  6,  and  7 and  portions  of  zones  4 and  8 are 
shown.  The  shadow  zones  between  them  are  labelled  SZ. 

The  hatched  areas  represent  regions  where  no  rays  can  pass  from  a 1 22-m  source  to 
a 94-m  receiver  without  reflecting  from  the  seamount.  These  areas  represent  regions  where 
the  seamount  “shadows”  the  propagation  paths  that  would  exist  without  the  seamount.  The 
leading  edge  of  these  regions  coincides  with  the  leading  edges  of  the  convergence  zones 
because  the  seamount  cannot  shadow  ray  paths  that  do  not  exist  without  the  seamount. 
Maximum  lateral  shadowing  occurs  at  the  leading  edge.  Maximum  shadowing  in  range  occurs 
at  zero  lateral  displacement  because  this  represents  maximum  interception  by  the  seamount 
peak.  Other  displacements  represent  decreases  shadowing  by  the  lower  slopes  of  the  seamount. 

The  dashed  lines  represent  the  various  ship  tracks  based  on  the  navigational  data  of 
Ref.  4.  Time  of  day  corresponding  to  satellite  fixes  are  labelled  along  the  tracks.  Track  A 
passed  about  2.7  km  from  the  seamount  peak.  At  more  distant  ranges  the  track  meandered 
about  the  exact  bearing  line  with  maximum  lateral  displacement  of  only  1.8  km.  As  can  be 
seen,  Run  A corresponds  very  closely  to  maximum  possible  shadowing. 

Traverse  Run  D was  also  well  positioned.  Along  traverse  Run  D shadowing  occurs  for 
a total  lateral  distance  of  about  14.6  km.  Traverse  Run  E was  also  well  positioned.  Along 
this  track  rays  can  always  pass  over  the  seamount. 

Unfortunately,  from  an  analysis  standpoint,  traverse  Run  0 fell  at  the  most  compli- 
cated position  possible  as  far  as  the  94-m  receiver  is  concerned.  This  track  "lies  on  the  ragged 
edge”  of  or  falls  within  the  thin  shadow  zone  between  the  convergence  zones  7 and  8.  The 
problem  of  shadow  zone  diffraction  when  the  ensonified  region  is  intercepted  by  a seamount 
is  very  difficult  from  an  analysis  standpoint. 
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The  analysis  of  Run  B may  be  more  clear-cut  for  somewhat  deeper  receivers  at  FLIP. 
For  example,  in  Fig.  15,  for  the  receiver  at  844  m,  the  source  at  1 22  m is  ensonified  for  the 
range  of  Run  B at  a nominal  400  km. 

It  should  be  noted  that  although  similar  to  Fig.  4,  Fig.  38  is  conceptually  different. 
Figure  4 represents  the  shadow  zones  produced  by  the  blockage  of  a 9 1-m  source  irrespective 
of  receiver  depth.  Figure  18  represents  shadow  zones  produced  by  the  blockage  for  a 122-m 
source  for  a particular  receiver  depth,  i.e.;  94  m at  a particular  range.  This  basic  difference  is 
the  reason  that  the  plots  of  Fig.  4 and  18  look  different.  It  is  not  because  Fig.  4 is  based  on 
a single  predicted  profile  and  Fig.  18  based  on  multiple  measured  profiles. 

Before  leaving  Fig.  18  we  should  comment  on  the  excellent  job  of  navigation  and 
ship  handling  done  by  the  DE  STEIGUER  in  following  the  exercise  plan.  This  becomes  even 
more  noteworthy  in  light  of  the  fact  that  at  times  the  currents  were  such  that  the  ship  had  to 
crab  15  deg  to  maintain  the  proper  course. 

It  is  of  interest  to  look  at  seamount  shadowing  from  the  standpoint  of  propagation 
loss.  Figure  19  is  the  propagation  loss  counterpart  of  the  shallow-receiver  ray  diagram  of 
Fig.  8.  The  leading  portions  of  the  convergence  zones  beyond  237  km  are  labelled  “inter- 
cepted.” These  represent  the  portions  of  the  convergence  zones  that  are  intercepted  by  the 
seamount.  Thus  if  we  remove  these  portions,  we  have  the  propagation  loss  plot  which  applies 
to  Run  A,  assuming  that  bottom-reflected  paths  do  not  contribute.  If  we  retain  these  por- 
tions we  have  the  propagation  loss  plot  which  applies  to  Run  C,  representing  an  unobstructed 
run. 

Figure  20  is  the  propagation  loss  counterpart  of  the  deep-receiver  ray  diagram  of 
Fig.  9.  In  this  case  the  entire  convergence  zone  is  intercepted  for  all  zones  beyond  219  km. 
Again  if  these  zones  are  retained  we  have  the  propagation  loss  plot  which  applies  to  Run  C. 

Recall  that  in  our  previous  analysis  we  determined  that  the  rays  from  all  receiver 
depths  below  1747  m would  be  intercepted  by  the  seamount.  At  first  sight  it  would  appear 
that  this  was  a result  of  poor  planning,  for  FLIP  could  have  been  positioned  at  a range  from 
the  seamount  at  which  at  least  some  rays  would  not  be  intercepted  by  the  seamount.  How- 
ever such  a positioning  would  have  resulted  in  complete  interception  for  shallow  receivers. 

This  result  is  related  to  the  fact  that  shallow  and  deep  receivers  complement  each 
other.  If  we  compare  Figs.  19  and  20  we  see  that  the  shadow  zones  for  the  shallow  receiver 
are  covered  in  large  part  by  the  convergence  zones  for  the  deep  receiver. 

This  is  the  reason  why  these  two  receiver  depths  were  so  useful  in  obtaining  travel 
times  for  ranges.  When  one  was  in  a shadow  zone  the  other  was  in  a convergence  zone  and 
vice  versa.  This  feature  breaks  down  after  the  seamount  is  crossed.  As  illustrated  in  Fig.  1 1, 
beyond  a range  of  22 1 km  only  eight  measurements  of  acoustic  range  were  made.  Three  of 
these  measurements  were  between  269  and  277  km.  Comparison  with  Fig.  19  shows  that 
these  all  fell  in  the  nonintercepted  trailing  portion  of  the  fifth  convergence  zone.  The  other 
five  measurements  were  between  321  and  332  km.  These  all  fall  in  the  trailing  portion  of  the 
sixth  convergence  zone.  It  is  evident  then  why  there  were  so  few  measurements  of  travel 
time  beyond  the  seamount.  The  deep  receiver  was  completely  blocked,  while  the  convergence 
zone  width  for  the  shallow  receiver  was  reduced  to  about  half  its  unobstructed  width. 


RANGE,  km 


Figure  19.  Propagation  loss  for  a source  depth  of  122*m  and  a receiver  depth  of  94-m 


EFFECT  OF  HORIZONTAL  CHANGE  IN  PROFILE 


This  section  presents  a brief  study  of  the  effect  of  horizontal  change  in  sound-speed 
profile  to  determine  if  these  are  important  to  the  acoustic  results.  In  order  not  to  confound 
effects  of  profile  change  and  seamount  blockage,  all  these  examples  ignore  the  effect  of 
blockage. 


The  first  step  in  this  study  was  to  compare  the  propagation  loss  for  the  composite 
profile,  i.e.,  the  computations  of  Figs.  19  and  20,  with  the  propagation  losses  for  various 
profiles  with  no  horizontal  change.  The  other  profiles  used  in  this  study  were  profiles  1 A 
and  PRE  of  Fig.  6 and  another  profile  referred  to  as  an  average  profile.  This  average  profile 
was  obtained  by  a weighted  average  of  profiles  1 A,  IB,  2 A and  2B.  The  weights  used  were 
1 for  profile  1 A,  2 each  for  profiles  2 A and  IB,  and  3 for  profile  2B.  These  weights  are  con- 
sistent with  the  ray  tracing  scheme  used  for  the  composite  profiles  in  Figs.  8 and  9,  i.e.,  the 
profile  is  weighted  according  to  how  many  zones  are  traversed  in  the  particular  profile.  This 
average  profile  should  then  be  a profile  which  might  apply  for  computations  in  the  eighth 
convergence  zone. 

The  comparisons  of  propagation  loss  for  the  1 22-m  source  depth  and  94-m  receiver 
depth  are  given  in  Figs.  21 A to  C.  In  each  of  these  three  figures  the  solid  curve  is  the  same, 
i.e.,  the  propagation  loss  of  Fig.  19.  The  dashed  curve  is  the  propagation  loss  for  the  other 
profile  under  consideration. 

Figure  2 1 A compares  the  result  of  the  composite  profile  with  that  of  the  profile  at 
the  receiver,  i.e.,  the  dashed  curve  assumes  that  the  receiver  profile  holds  at  all  ranges.  Zones 
0 and  1 are  identical  in  Fig.  21 A because  the  same  profile  applies.  The  differences  between 
the  two  computations  are  reasonably  small  for  zones  2 through  5 ; however,  for  zones  6 
through  8 the  dashed  curve  falls  at  significantly  smaller  ranges.  The  reason  for  this  is  appar- 
ent in  Fig.  6.  Both  source  and  receiver  are  in  the  thermocline  region  where  there  is  the 
greatest  difference  between  profiles.  Profile  1 A has  the  lowest  sound  speed.  Profile  2B, 
which  becomes  a factor  at  zone  6,  has  the  highest  sound  speed.  This  increase  in  sound  speed 
when  profile  2B  is  encountered  shifts  the  convergence  zone  out  in  range  much  further  than 
if  the  low  sound  speeds  of  profile  1A  had  prevailed. 

Figure  2 IB  compares  the  results  of  the  composite  profile  with  those  of  the  predicted 
profile.  This  was  the  profile  which  was  used  in  designing  the  exercise.  Surprisingly  enough, 
the  results  of  the  predicted  profile  agree  better  with  those  of  the  composite  profile  than  do 
the  results  of  profile  1 A.  Results  are  comparable  for  zones  1 to  3,  somewhat  better  for  pro- 
file 1 A for  zones  4 and  5,  but  much  better  for  the  predicted  profile  for  zone  6 and  higher 
order  zones.  This  feature  can  again  be  explained  from  Fig.  6.  The  sound  speeds  for  the  pre- 
dicted profile  are  greater  than  those  of  profile  1 A for  depths  below  SO  m.  Thus  in  the  critical 
thermocline  region  where  the  source  and  receiver  are,  the  predicted  profile  is  a better  measure 
of  the  influence  of  fast  profiles  2 A and  2B  than  slow  profile  1 A is.  Thus  the  average  profile 
agrees  better  in  zone  2 and  3 where  profile  2A  begins  to  dominate  and  better  in  zones  6 to  8 
where  profile  2B  begins  to  dominate.  For  this  source  and  receiver  configuration,  the  low 
near-surface  sound  speeds  of  the  predicted  profile  appear  to  have  little-  effect,  i.e.,  the  pre- 
dicted profile  appears  better  than  profile  1 A despite  the  low  surface  sound  speeds. 

Figure  2 1C  compares  the  results  of  the  composite  profile  with  those  of  the  weighted 
average  profile.  Recall  that  the  average  profile  was  weighted  for  zone  8.  Note  that  the  agree- 
ment for  zones  6 and  7 as  well  as  zone  8 is  much  better  in  Fig.  2 1C  than  in  Fig.  2 1 A or  B. 
Thus  our  system  of  weighting  the  profiles  appears  to  have  some  merit.  However,  the  agree- 
ment for  zones  1 to  5 is  worse  in  Fig.  2 1C  than  in  Figs.  2 1 A or  B.  This  is  not  too  surprising 
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because  profile  11 B is  heavily  weighted  in  the  average  profile,  but  does  not  even  enter  into 
the  computation  for  zones  1 to  5 for  the  composite  profile. 

Figures  22A  to  C are  the  counterparts  of  Figs.  21 A to  C for  the  3508-m  receiver. 
Agreement  with  the  results  of  the  composite  profile  is  generally  much  better  than  in  Figs. 

2 1 A to  C.  For  this  deep  receiver  depth  only  steep  rays  are  involved  and  the  sound-speed 
struct ure  is  not  as  important. 

Table  2 presents  some  quantitative  results  for  zone  8 for  the  various  profiles.  Columns 
1-4  pertain  to  the  94-m  receiver.  Column  1 is  the  leading  edge  of  the  convergence  zone, 
Column  2 gives  the  range  of  the  bottom  grazing  ray,  Column  3 presents  the  difference  between 
the  leading  edge  of  the  composite  profile  and  that  of  other  profiles.  Column  4 is  the  counter- 
part of  Column  3 for  the  bottom  grazing  ray.  Columns  5 to  8 are  the  corresponding  values 
for  the  3508-m  receiver. 


The  results  are  similar  to  those  discussed  for  Figs.  21  and  22.  Features  associated 
with  lower  angle  rays  are  generally  more  sensitive  than  those  with  higher  angle  rays.  Differ- 
ences for  the  bottom  grazing  ray  are  generally  smaller  than  those  for  the  leading  edge,  while 
differences  for  the  leading  edge  are  smaller  for  the  3508-m  receiver  than  for  the  94-m  receiver. 
There  is  only  one  feature  of  Table  2 which  cannot  be  explained  qualitatively  from  considera- 
tion of  the  sound-speed  profiles.  It  is  not  at  all  evident  why  the  agreement  in  the  leading  edge 
for  the  3508-m  receiver  is  poorer  for  the  average  profile  than  it  is  for  profile  1 A or  the  pre- 
dicted profile.  This  feature  also  shows  up  in  Fig.  22  in  zones  6 and  7. 

There  remains  the  problem  of  assessing  the  effect  of  the  seamount  sound-speed  profile, 
which  has  thus  far  been  ignored.  The  simple  scheme  used  to  treat  near-surface  changes  in 
sound  speed  cannot  be  used  because  here  we  are  treating  changes  in  the  deep  profile,  where 
the  rays  form  nadirs. 


An  estimate  of  the  effect  of  the  seamount  profile  was  made  from  ray  calculations  for 
two  profiles.  The  quantities  calculated  were  the  cycle  range,  i.e.,  the  range  between  successive 
apexes  and  the  corresponding  group  velocities,  i.e.,  the  cycle  range  divided  by  the  cycle  travel 
time. 


Figure  23  presents  cycle  range  versus  ray  parameter  (i.e.,  phase  velocity)  for  profile 
IB  with  the  deepwater  profile  appended.  (This  is  the  profile  which  was  used  to  progress  from 
zone  4 to  zone  5 in  Fig.  8.)  The  smallest  phase  velocity  corresponds  to  the  axial  ray,  whereas 
the  largest  value  corresponds  to  the  ray  which  grazes  the  nominal  bottom  depth  of  4206  in. 

The  computations  corresponding  to  Fig.  23  were  then  made  for  profile  1 B with  the 
seamount  profile  appended.  Differences  between  these  computations  and  those  of  Fig.  23 
are  too  small  to  compare  directly.  Hence  the  values  of  cycle  range  were  subtracted  from 
those  of  Fig.  23.  These  differences  are  plotted  in  Fig.  24.  The  maximum  difference  occurs 
for  the  axial  ray.  The  profile  near  the  axis  at  about  600  m depth  should  be  the  same  for  both 
profiles  since  the  seamount  profile  only  applies  to  1000  m and  deeper.  However  the  proce- 
dure by  which  the  profiles  are  fit  by  curvilinear  segments  depends  on  the  entire  deepwater 
structure,  and  thus  the  fits  at  the  axis  can  be  different  for  the  two  profiles. 

In  any  case  the  region  of  near-axial  rays  of  Fig.  24  is  not  important.  The  sound 
speed  at  the  primary  source  depth  (122  in)  limits  the  rays  of  interest.  These  are  labelled  on 
Fig.  24  as  Cl  for  profile  1 B and  C'2  for  profile  2B.  Thus  we  can  ignore  values  of  phase  veloc- 
ity less  than  these  values.  The  conclusion  that  we  come  to  is  that  the  ray  trace  ranges  can 
differ  at  most  by  only  -201  ni.  This  value  is  conservative  because  it  assumes  that  the  sea- 
mount profile  applies  for  a full  loop  icngth,  when  in  reality  it  probably  applies  for  less  than 
a full  loop  length. 
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Figure  21 . (Continued) 
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Figure  22.  (Continued) 
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The  counterpart  of  Fig.  23  for  the  group  velocity  is  presented  in  Fig.  25,  while  the 
counterpart  of  Fig.  24  for  the  differences  in  group  velocity  is  presented  in  Fig.  26. 

Note  in  Fig.  26  that  the  differences  are  all  negative.  This  should  be  expected  because 
higher  sound  speeds  lead  to  higher  group  velocities  and  the  sound  speeds  for  the  seamount 
profile  were  higher  than  the  deepwater  profile.  We  note  that  the  maximum  difference  in 
Fig.  26  is  about  -0.28  m/sec.  This  number  is  comparable  to  the  differences  between  the 
deepwater  profile  and  seamount  profile  given  in  Table  22  of  Ref.  3. 

Since  group  velocity  is  of  principal  concern  in  converting  acoustic  travel  times  to 
range,  we  need  to  analyze  Fig.  26  from  this  standpoint.  First  of  all  the  sound  speed  at  the 
pulsed  source  depth  (134  m)  limits  the  rays  of  interest.  These  are  labelled  in  Fig.  26  as  C3 
for  profile  1 B and  C4  for  profile  2B.  We  can  ignore  phase  velocities  less  than  these  values. 

In  contrast  to  Fig.  24,  this  limitation  does  not  decrease  the  maximum  difference.  This  maxi- 
mum difference  represents  -0.28  m/sec  as  compared  to  a group  velocity  of  about  1481  m/sec. 
Thus  this  maximum  represents  a percentage  difference  of  only  0.0188  percent.  For  a nomi- 
nal cycle  range  of  50  km  tills  difference  represents  an  associated  acoustic  range  error  of  only 
9 m.  We  see  then  that  the  seamount  profile  can  only  have  a very  slight  effect  on  ranges 
determined  from  acoustic  travel  times. 
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Figure  23.  Cycle  range  vs  phase  volocity  for  profile  IB  with  deepwater  profile  appended. 
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OTHER  DESIRABLE  STUDIES 

This  section  discusses  some  valuable  follow-up  analysis  on  the  CAPER  data.  First  it 
should  be  reiterated  that  the  present  report  is  regarded  as  preliminary  and  in  no  sense  repre- 
sents a complete  analysis.  Indeed  one  of  the  major  purposes  of  this  report  is  to  point  out 
the  value  of  the  CAPER  data  and  its  potential  for  more  detailed  analysis. 

Some  of  the  items  to  follow  were  prescribed  in  Ref.  1 . However  because  of  cost 
overruns,  reprogramming  of  funds  for  higher  priority  items,  and  other  factors  the  reduction, 
analysis  and  reporting  of  the  data  were  not  completed. 


REPORTING  OF  CW  DATA 

MPL  has  reduced  all  of  the  CW  data  taken  at  1 04  Hz  for  Runs  A through  D.  Data  are 
available  for  1 2 receiver  depths.  These  data  are  of  excellent  quality,  and  MPL  presently  plans 
to  produce  a data  report  on  propagation  lass  and  coherence. 


COMPARISON  OF  THE  CW  DATA  WITH  PROPAGATION  LOSS  MODELS 

Reference  1 called  for  CAPER  data  to  be  provided  to  AESD  for  use  in  the  strengthen- 
ing and  evaluation  of  acoustic  propagation  models.  The  CAPER  dat  j should  be  an  excellent 
candidate  for  further  analysis  by  NORDA  Code  320,  the  successor  of  AESD.  Acoustic  ranges 
are  only  available  for  part  of  Run  A.  However,  as  demonstrated  in  this  report,  satellite  ranges 
should  be  adequate.  NOSC  can  provide  some  limited  multipath  data  at  140  Hz  as  an  aid  in 
the  analysis. 

In  this  preliminary  report  no  attempt  has  been  made  to  calculate  propagation  loss  m 
the  regions  of  seamount  shadowing,  which  are  only  ensonified  by  bottom-reflected  paths.  An 
important  feature  of  further  analysislby  NORDA  would  be  the  inclusion  of  bot tom-rellc cted 
propagation  to  determine  how  well  models  can  predict  the  propagation  loss  measured  in  tire 
regions  of  seamount  sliadcwing. 


REDUCTION.  ANALYSIS,  AND  REPORTING  OF  SURFACE  DECOUPLING  DATA 


The  third  major  objective  of  the  CAPER  exercise  was  to  investigate  surface  decoupling 
(image  interference),  which  causes  an  increase  in  propagation  loss  as  a source  of  receiver 
approaches  the  ocean  surface.  This  phase  of  the  exercise  is  discussed  in  more  detail  in  Ref  1. 
Measurements  were  made  at  104  Hz  on  receivers  at  3,  6,  1 2,  24,  and  36  m as  well  as  on  seven 
deeper  receivers  over  the  range  interval  from  1 73.8  to  4. 1 km.  This  covers  the  first  three  con- 
vergence zones  as  well  as  the  bottom-reflection  regions  between  zones. 


MPL  has  reduced  selected  samples  of  these  data  arid  they  appear  to  be  of  excellent 
quality.  Differences  of  10  dB  are  typical  Ik  tween  tire  propagation  loss  at  3 m and  that  at 
36  m.  7 none  are  no  plans  at  present  to  complete  b’c  reduction  and  analysis  of  this  data. 
However  this  data  set  is  unique  and  would  provide  m excellent  opportunity  for  verifying  the 
theoretical  treatment  and  operational  consequences  of  the  surface  decoupling  effect  as  pre- 
sented in  Ref.  8. 
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ANALYSIS  OF  BACK  REFLECTIONS  FROM  STODDARD  SEAMOUNT 

Over  a range  interval  just  prior  to  passing  over  Stoddard  seamount,  the  MPL  records 
at  1 04  Hz  showed  a distinctive  up-doppler  arrival,  which  Dr.  Morris  identified  as  back  reflec- 
tion from  the  seamount.  As  the  seamount  was  traversed  this  up-doppler  arrival  merges  with 
the  normal  down-doppler  arrival.  Subsequent  examination  of  the  NOSC  pulsed  data  at 
140  Hz  shows  two  distinct  arrivals  separated  in  travel  time.  These  arrivals  merge  as  the  sea- 
mount is  traversed.  These  data  represent  an  opportunity  to  determine  more  precisely  the 
characteristics  of  Hack  reflection.  Additional  data  reduction  is  necessary.  MPL  needs  to 
develop  a more  rigorous  determination  of  signal  levels  in  the  presence  of  variable  dcppler 
shifts.  NOSC  needs  to  carefully  process  all  relevant  pulsed  data,  measuring  all  propagation 
losses  and  travel  time  differences.  The  analysis  of  these  data  would  combine  ray  theory  cal- 
culations, seamount  contours,  acoustic  propagation  losses,  acoustic  travel  times  and  travel 
time  differences,  and  doppler  shifts  to  produce  a consistent  model  of  reflection. 


CONCLUSIONS 


The  conclusions  are  divided  into  four  groups:  general,  navigation  and  ranging,  sea- 
mount shadowing,  and  sound-speed  profiles. 


GENERAL 

This  initial  acoustic  assessment  of  CAPER  demonstrates  that  the  exercise  was  well 
conceived,  planned,  and  executed.  The  major  experimental  goals  of  the  exercise  were 
achieved.  The  excellent  quality  of  the  acoustic  and  supporting  environmental  data  warrants 
further  analysis.  Areas  of  further  analysis  include  a comparison  of  detailed  experimental 
propagation  loss  data  with  sophisticated  range-dependent  models  that  include  bottom- 
reflected  paths,  a comparison  of  experimental  data  on  near-surface  receivers  with  the  theory 
of  surface  decoupling,  and  the  use  of  experimental  measurements  of  propagation  loss,  dop- 
pler  shifts,  and  travel  time  differences  to  produce  a consistent  model  of  backscattering  and 
reflection  from  a seamount  slope. 

The  success  of  the  exercise  can  be  attributed  in  large  part  to  detailed  planning.  The 
impact  of  several  unanticipated  equipment  casualties  at  sea  was  minimized  by  careful  exer- 
cise design,  which  provided  for  redundancy  or  backup.  Moreover  the  initial  design  was  exam- 
ined to  determine  the  sensitivity  to  navigational  errors.  As  a result  of  this  examination  the 
design  was  adjusted  so  that  the  acoustic  result  on  various  runs  would  be  most  insensitive  to 
navigational  error  or  other  unanticipated  changes  in  the  test  conditions. 


NAVIGATION  AND  RANGING 

Comparison  of  the  differences  between  acoustic  and  satellite  ranges  showed  a mean 
difference  of  1 17  m with  a standard  deviation  of  272  m.  Statistical  tests  showed  that  this 
mean  difference  was  not  highly  significant.  The  maximum  difference  was  -726  m,  while 
88  percent  of  the  differences  fell  within  ±366  m. 

Initial  comparison  of  the  differences  between  acoustic  and  satellite  ranges  showed  a 
highly  significant  bias  of  -234  m.  There  was  also  a slight  tendency  for  the  differences  to 
become  more  negative  with  increasing  range.  However  a geodetic  constant  of  60  nautical 
miles  per  degree  of  latitude  had  been  used  to  calculate  the  satellite  ranges.  The  correction  of 
this  value  to  account  for  the  dependence  in  latitude  removed  the  range  trend  as  well  as  279  m 
of  the  bias. 

Statistical  tests  show  no  significant  difference  between  the  accuracy  of  ranges  at  satel- 
lite fixes  and  the  accuracy  of  ranges  between  satellite  fixes.  The  additional  error  introduced 
by  interpolating  between  fixes  is  small  compared  to  the  error  in  the  fixes  themselves. 

The  shallowest  receiver  (94  m)  and  the  receiver  (3508  m)  just  shallower  than  the  criti- 
cal depth  provided  excellent  travel  time  data  for  ranging  purposes.  The  convergence  zones 
for  these  two  depths  covered  most  ranges  until  the  seamount  was  traversed.  Thereafter  the 
seamount  intercepted  rays  to  the  deep  receiver  and  reliable  travel  times  were  available  only 
over  small  intervals  on  the  shallow  receiver. 

In  situations  where  the  ship  speed  and  course  were  nearly  constant,  the  technique  of 
calculating  apparent  ship  speed  from  successive  observations  of  range  is  a sensitive,  practical 
technique  for  detecting  rang;  d«U.. 
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SEAMOUNT  SHADOWING 

The  receiver  depths  utilized  during  the  seamount  shadowing  experiment  can  be 
divided  into  three  groups  on  the  basis  of  detailed  ray  tracing,  which  takes  into  account  the 
receiver-seamount  geometry  and  the  bathymetry.  For  the  first  group,  consisting  of  six 
receiver  depths  between  94  and  844  m,  some  rays  will  always  clear  the  peak  of  the  seamount 
without  bottom  reflection.  For  the  second  group,  consisting  of  three  receiver  depths 
between  3396  and  3480  m,  no  rays  can  clear  the  peak  of  the  seamount  without  reflecting 
from  the  seamount.  For  the  third  group,  consisting  of  three  receiver  depths  between  4251 
and  4363  m,  most  rays  will  reflect  from  the  abyssal  hills  which  lie  between  the  receiver  and 
the  seamount. 

The  design  and  execution  of  the  various  seamount  shadowing  runs  well  satisfy  the 
goals  of  the  exercise.  Once  past  the  seamount,  Run  A has  a lateral  displacement  of  less  than 
1.8  km.  Run  A corresponds  closely  to  maximum  range  shadowing  behind  the  seamount. 
Traverse  Runs  D and  E are  both  well  positioned  for  shallow  ^ reivers.  Near-maximum  azi- 
muthal shadowing  occurs  along  Run  D.  Run  E represents  minimum  shadowing  in  that  rays 
can  always  pass  over  the  seamount  regardless  of  azimuth.  Traverse  Run  B is  not  well  posi- 
tioned with  respect  to  the  94-m  receiver  depth  as  the  run  meanders  in  and  out  of  the  shadow 
zone  between  convergence  zone  7 and  convergence  zone  8.  However  Run  B lies  in  the 
ensonified  region  for  the  844-m  receiver  depth. 

The  effect  of  the  seamount  is  to  intercept  the  leading  portion  of  the  convergence 
zone.  Consider  for  example  the  range  interval  of  the  fifth  convergence  zone  for  a 1 22-m 
source  and  a 94-m  receiver.  This  was  266.7  to  281.7  km  for  maximum  shadowing  along  the 
bearing  line  joining  the  receiver  to  the  seamount  peak  and  was  241.6  to  281.7  km  along  bear- 
ings which  completely  clear  the  seamount.  This  is  an  unanticipated  result  because  the  effect 
of  shallowing  a flat  bottom  is  to  reduce  the  trailing  edge  of  the  convergence  zone  rather  than 
affect  the  leading  edge.  This  result  can  be  attributed  to  the  fact  that  the  steepest  ray,  which 
is  the  bottom-limited  ray,  is  the  first  to  clear  the  seamount. 

Stoddard  Seamount  appears  ideal  for  the  purpose  of  investigating  seamount  shadow- 
ing. The  dimensions  and  slopes  of  Stoddard  and  its  isolated  position  surrounded  by  deep 
abyssal  hills  create  relatively  simple  conditions  for  analysis. 


SOUND-SPEED  PROFILES 

A simple  modification  to  ray  calculations  for  range-independent  sound-speed  profiles 
was  utilized  to  assess  the  effect  of  horizontal  changes  in  sound-speed  profile.  Although  not 
rigorous,  this  method  - called  the  composite  profile  method  - accounts  for  first-order  effects. 

Significant  horizontal  changes  in  the  sound-speed  profiles  were  measured.  Maximum 
differences  of  9.6  m/sec  were  measured  at  a depth  of  1 25  m.  Comparison  of  ray  calculations 
for  the  receiver  profile  regime  with  only  those  of  the  composite  profile  method  that  include 
four  profile  regimes  showed  significant  differences  in  acoustic  results.  For  example,  for  a 
1 22-m  source  and  a 94-m  receiver  the  range  of  the  leading  edge  of  the  eighth  convergence 
zone  was  403. 1 and  389.9  km  for  the  receiver  only  and  composite  profiles,  respectively. 

The  effect  of  profile  differences  was  least  for  configurations  involving  steeper  rays 
and  greatest  for  those  involving  less  steep  rays.  Thus  profile  differences  produced  less  change 
in  the  trailing  edge  of  convergence  zones  and  greatest  change  in  the  leading  edge.  Also  pro- 
file differences  produced  less  change  for  a deep  receiver  near  the  critical  depth  than  for  a 
receiver  located  at  lower  sound  speeds  in  the  thermocline. 
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The  predicted  profile  proved  to  be  more  than  adequate  for  planning  the  exercise, 
despite  the  fact  that  the  sound  speeds  at  depths  above  50  m were  significantly  lower  (as  much 
as  5 m/sec)  than  any  of  the  four  measured  profile  regimes.  Indeed  the  theoretical  results  for 
the  predicted  profile  in  many  cases  agreed  better  with  those  of  the  composite  profile  than  did 
those  based  on  the  measured  profile  at  the  receiver.  This  occurred  because  the  source  and 
receiver  were  located  in  the  critical  thermocline  region.  In  this  region  the  predicted  profile 
was  more  representative  of  the  composite  profile  than  was  the  profile  regime  in  which  the 
receiver  was  located. 

Sound  speeds  within  18.5  km  of  the  seamount  peak  were  about  0.22  m/sec  higher 
than  those  in  the  surrounding  ocean  for  depths  from  1000  to  2500  m.  Bounds  on  the  effect 
of  these  increased  sound  speeds  were  estimated  from  ray  calculations.  These  bounds  were 
-200  m on  calculated  ray  theory  ranges  and  9 m in  ranges  as  determined  from  measured 
travel  times. 

A new  method  of  treating  range-dependent  profiles,  which  uses  a single  profile 
obtained  by  averaging  the  profiles  with  weights  proportioned  to  the  range  over  which  the 
profiles  apply,  was  tested.  The  results  agreed  favorably  with  the  composite  profile  approach. 
For  example,  the  leading  edge  of  the  eighth  convergence  zone  was  403.1  km  for  the  composite 
profile  and  402. 1 km  for  the  weighted  average  profile.  This  method  is  awkward  to  apply 
because  a new  profile  (new  weights)  must  be  generated  for  each  convergence  zone.  However 
the  method  might  be  useful  to  investigators  who  are  restricted  to  the  use  of  ray  programs 
treating  depth  dependence  only. 
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RECOMMENDATIONS 


1 . Consider  further  analysis  of  the  CAPER  data  in  the  areas  of  comparison  with 
sophisticated  propagation  loss  models,  evaluation  of  the  surface  decoupling  effect,  and  inves- 
tigation of  the  mechanisms  of  backscattering  and  reflection  from  a seamount  slope. 

2.  Dispense  with  acoustic  ranging  on  sea  tests  and  rely  upon  careful  satellite  naviga- 
tion unless  range  accuracies  of  better  than  ±450  m are  required. 

3.  The  composite  method  of  treating  the  horizontal  change  in  sound-speed  profile 
should  be  compared  with  more  rigorous  methods  to  determine  conditions  under  which  the 
composite  method  is  or  is  not  adequate. 

4.  In  experiments  where  the  effect  of  seamounts  or  ridges  is  critical,  the  deep  sound- 
speed  profile  should  be  well  sampled  to  determine  modification  due  to  bathymetry.  This 
pertains  not  only  to  water  masses  over  the  seamounts  or  ridges  themselves  but  also  to  the 
surrounding  open-ocean  masses  so  that  accurate  open-ocean  average  values  can  be  established 
for  use  as  controls. 

5.  Use  a latitude-dependent  geodetic  parameter  rather  than  the  nominal  60  nautical 
miles  per  degree  of  latitude  in  calculating  ranges  based  on  satellite  fixes  as  the  accuracy  of  the 
satellite  fixes  warrants  use  of  this  refinement. 

6.  In  designing  exercises,  test  the  sensitivity  of  the  predicted  acoustic  result  to  changes 
in  input  and  adjust  the  exercise  so  that  these  results  are  least  sensitive  to  changes  in  test 
conditions. 

7.  For  acoustic  ranging  purposes,  use  a pair  of  receivers  - one  shallow  and  one  at  the 
critical  depth  - to  obtain  maximum  coverage  by  non-bottom-reflected  paths. 

8.  Calculate  apparent  ship  speed  from  successive  range  measurements  to  detect  erro- 
neous range  data. 
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(2) 

NELEX-035 

(1) 

COMMANDER 

(1) 

(2) 

NAVAL  SEA  SYSTEMS  COMMAND 
WASHINGTON,  DC 20362 
ATTN:  NSEA-06H1 

(1) 

DIRECTOR 

(1) 

(2) 

STRATEGIC  SYSTEMS  PROJECT  OFFICE  (PM-1 ) 
DEPARTMENT  OF  THE  NAVY 
WASHINGTON,  DC  20376 

PROJECT  MANAGER 

(2) 

(2) 

ANTI-SUBMARINE  WARFARE  SYSTEMS 
PROJECT  (PM -4) 

DEPARTMENT  OF  THE  NAVY 
WASHINGTON.  DC  20360 

COMMANDER 

NAVAL  OCEAN  SYSTEMS  CENTER 
SAN  DIEGO,  CA  92152 
ATTN:  MR  AKERS 

(2) 

DR  RA  WAGSTAFF 

(1) 

(2) 

DR  EB  TUNSTALL 

(1) 

DR  RR  GARDNER 

(1) 

OFFICER  IN  CHARGE 

(1) 

NEW  LONDON  LABORATORY 
NAVAL  UNDERWATER  SYSTEMS  CENTER 
NEW  LONDON, CT 06320 
ATTN.  RL  MARTIN 

(4) 

COMMANDER 

(1) 

ID 

NAVAL  OCEANOGRAPHIC  OFFICE 

(1) 

NSTL  STATION 

BAY  ST  LOUIS,  MS  39522 

ATTN:  CODE  3143  (JL  KERLING) 

(1) 

CENTER  FOR  NAVAL  ANALYSIS 
1401  WILSON  Bl.VD 
ARLINGTON,  VA  22209 

ATTN:  DIRECTOR  FOR  NAVAL  MATTERS  (1) 

CE  WOODS  (1) 


ATTN:  NMAT-03T1  (JPR06US) 

ID 

COMMANDER 

NAVAL  AIR  DEVELOPMENT  CENTER 
WARMINSTER,  PA  18974 

(D 

COMMANDER  IN  CHIEF  US 
ATLANTIC  FLEET 
NORFOLK.  VA  23511 

111 

CHIEF  OF  NAVAL  RESEARCH 
ARLINGTON.  VA  22217 

ID 

ATTN:  ONR102OS  (DR  JBHERSEYI 

(1) 

COMMANDING  OFFICER 
NAVAL  OCEAN  RESEARCH  AND 
DEVELOPMENT  ACTIVITY 
NSTL  STATION,  MS  39529 


ATTN:  CODE  110  (1) 

CODE  200  (1) 

CODE  300  (1) 

CODE  320  (1) 

CODE  340  (1) 

CODE  400  (1) 

CODE  500  (1) 

CODE  600  (3) 


| 

i 


■■  ! 

} 
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OFFICE  OF  NAVAL  RESEARCH 
ARLINGTON,  VA  22217 
ATTN:  NORDA  LIAISON  OFFICE 

(KW  LACKIE)  (2) 

DEFENSE  ADVANCED  RESEARCH  (1 ) 

PROJECTS  AGENCY 
1400  WILSON  BOULEVARD 
ARLINGTON,  VA  22209 


APPLIED  PHYSICS  LABORATORY 
JOHNS  HOPKINS  UNIVERSITY 
JOHNS  HOPKINS  ROAD 
LAUREL,  MD  20810 

ATTN:  DR  GL  SMITH  (1) 

APPLIED  RESEARCH  LABORATORY 
UNIVERSITY  OF  TEXAS 
PO  BOX  8029 
AUSTIN,  TX  78712 

ATTN:  GE  ELLIS  (1) 

DR  LD  HAMPTON  (1) 

ARTHUR  D LITTLE,  INC 
15  ACORDPARK 
CAMBRIDGE,  MA  02 140 

ATTN:  WG  SYKES  (1) 

BOLT,  BERANEK  AND  NEWMAN  (1 ) 

1701  N FORT  MYER  DRIVE 
SUITE  1001 

ARLINGTON,  VA  22209 

BELL  TELEPHONE  LABORATORIES  (1) 

1 WHIPPANY  ROAD 
WHIPPANY.NJ  07981 

DANIEL  H WAGNER  ASSOCIATES  (1 ) 

STATION  SQUARE  ONE 
PAOLI,  PA  19301 

DAUBIN  SYSTEMS  CORPORATION  (1 ) 

104  CRANDON  BLVD 
SUITE  315 

KEY  BISCAYNE.FL  33149 


GENERAL  ELECTRIC  CORPORATION 
REENTRY  ENVIRONMENTAL  SYSTEMS  DIVISION 
3198  CHESTNUT  ST 
PHILADELPHIA,  PA  19101 

ATTN:  O KLIMA  (1) 

OPERATIONS  RESEARCH,  INC 

1400  SPRING  ST 

SILVER  SPRING,  MD  20910 

ATTN:  DR  Jl  BOWEN  (1) 

PALISADES  GEOPHYSICAL  INSTITUTE,  INC  (1 ) 

131  ERIE  ST 
PO  BOX  396 
BLAUVELT,  NY  10913 

PLANNING  SYSTEMS,  INC 
7900  WESTPARK  DRIVE 
MC  LEAN,  VA  22101 

ATTN:  DR  LP  SOLOMON  (1) 

RAYTHEON  COMPANY 
SUBMARINE  SIGNAL  DIVISION 
PO  BOX  360 

PORTSMOUTH,  Rl  02871 

ATTN:  DR  BA  BECKEN  (1) 

SCIENCE  APPLICATIONS,  INC 
4422/8400  WESTPARK  DRIVE 
MC  LEAN,  VA  22101 

ATTN:  DR  JS  HANNA  (1) 


TETRA  TECH,  INC 
1911  FORT  MYER  DRIVE 
ARLINGTON,  VA  22209 

ATTN:  WE  SIMS  (1) 

TEXAS  INSTRUMENTS,  INC 
PO  BOX  6016 
DALLAS,  TX  75222 

ATTN:  A KIRST,  JR  (1) 

TRACOR,  INC 
6600  TRACOR  LANE 
AUSTIN,  TX  78721 

ATTN:  DR  AF  WITTENBORN  (1) 

TRACOR,  INC 

1601  RESEARCH  BLVD 

ROCKVILLE,  MD  20850 

ATTN:  JT  GOTTWALD  (1) 

TRW  SYSTEMS  GROUP 
7600  COLSHIRE  DRIVE 
MC  LEAN,  VA  22101 

ATTN:  RT BROWN  (1) 

IB  GEREBEN  (1) 

UNDERSEA  RESEARCH  CORPORATION 
7777  LEESBURG  PIKE,  SUITE  306 
FALLS  CHURCH,  VA  22043 

ATTN:  VF  ANDERSON  (1) 

UNDERWATER  SYSTEMS,  INC 
WORLD  BUILDING 
8121  GEORGIA  AVENUE 
SILVER  SPRING, MD  20910 

ATTN:  DR  MS  WEINSTEIN  (1) 

WESTERN  ELECTRIC  COMPANY  (1) 

2400  REYNOLDS  ROAD 
WINSTON-SALEM,  NC  27106 

WOODS  HOLE  OCEANOGRAPHIC  INSTITUTION 
WOODS  HOLE,  M A 02543 

ATTN:  EE  HAYS  (1) 

XONICS,  INC 

6837  HAYVENHURST  AVE 
VAN  NUYS, CA91406 

ATTN:  SKULEK  (1) 

DEFENSE  DOCUMENTATION  CENTER 
CAMERON  STATION 

ALEXANDRIA,  VA  22314  (1) 


SUTRON  CORPORATION 
1921  N LYNN  ST 
SUITE  700 

ALEXANDRIA,  VA  22209 

ATTN:  CH  DABNEY  (1) 
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DEPARTMENT  OF  THE  NAVY 

OFFICE  OF  NAVAL  RESEARCH 
875  NORTH  RANDOLPH  STREET 
SUITE  1425 

ARLINGTON  VA  22203-1995 

IN  REPLY  REFER  TO: 


5510/1 

Ser  321OA/01 1/06 
31  Jan  06 


MEMORANDUM  FOR  DISTRIBUTION  LIST 

Subj : DECLASSIFICATION  OF  LONG  RANGE  ACOUSTIC  PROPAGATION  PROJECT 
(LRAPP)  DOCUMENTS 

Ref:  (a)  SECNAVINST  5510.36 

Enel:  (1)  List  of  DECLASSIFIED  LRAPP  Documents 

1 . In  accordance  with  reference  (a),  a declassification  review  has  been  conducted  on  a 
number  of  classified  LRAPP  documents. 

2.  The  LRAPP  documents  listed  in  enclosure  (1)  have  been  downgraded  to 
UNCLASSIFIED  and  have  been  approved  for  public  release.  These  documents  should 
be  remarked  as  follows: 

Classification  changed  to  UNCLASSIFIED  by  authority  of  the  Chief  of  Naval 
Operations  (N772)  letter  N772A/6U875630,  20  January  2006. 

DISTRIBUTION  STATEMENT  A:  Approved  for  Public  Release;  Distribution  is 
unlimited. 

3.  Questions  may  be  directed  to  the  undersigned  on  (703)  696-4619,  DSN  426-4619. 


BRIAN  LINK 
By  direction 


Subj : DECLASSIFICATION  OF  LONG  RANGE  ACOUSTIC  PROPAGATION  PROJECT 
(LRAPP)  DOCUMENTS 

DISTRIBUTION  LIST: 

NAVOCEANO  (Code  N121LC  - Jaime  Ratliff) 

NRL  Washington  (Code  5596.3  - Mary  Templeman) 

PEO  LMW  Det  San  Diego  (PMS  181) 

DTIC-OCQ  (Larry  Downing) 

ARL,  U of  Texas 

Blue  Sea  Corporation  (Dr.Roy  Gaul) 

ONR  32B  (CAPT  Paul  Stewart) 

ONR  3210A  (Dr.  Ellen  Livingston) 

APL,  U of  Washington 

APL,  Johns  Hopkins  University 

ARL,  Penn  State  University 

MPL  of  Scripps  Institution  of  Oceanography 

WHOI 

NAVSEA 

NAVAIR 

NUWC 

SAIC 


Declassified  LRAPP  Documents 


